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EP0 460 846A1 

BACKGROUND OF THE INVENTION 

The present Invention relates generally to cytokine receptore, and more specffically, to Interieuldn-1 recep- 
tors. 

5 Interieuldn-la OL-I a) and lnterieuldn-1^ and (IL-*1P) are distantly related polypeptide hormones which |riay 
a central rde in the regulation of immune and inflammatory responses. These two proteins act on a variety of 
cell types and have multiple biological activities. The diveisiV of biological activity ascribed to IL-1a and IL-lp 
is mediated by specific plasma membrane receptora which bind both IMa and IL-lp. Due to the wide range 
of bblogical activities mediated by IL-1a and IU1^ it was originally believed that the IL-1 receptora should be 

10 highly conserved in a variety of species and expressed on a large variety of ceils. 

Structural characterizab'on by llgand affinity cross-linldng techniques has demonstrated ttet despite their 
significant divergence in sequence, IL-1a and IL-ip bind to the same ceil surface receptor molecule on T cells 
amlfibrobla8t8(Dower6tal^Afa2ure(Lo/»/Qn;a24;266. 1986; Bird etal.,A/afiim (Lorn/on; 324:263, 1986;Dower 
et al., Prbc Nati. Acad. Sci USA d3.i060, 1986). The lL-1 receptor on murine and human T cells has been 

15 identified by cDNA expression cloning and N-temiinal sequence analysis as an integral membrane glycoprdtein 
that binds IL-laand IL-lp and has a molecular weight of 80,000 kDa (Sbnsetal., Sdence 241-585, 1988; 81ms 
et al., Proo. Natl. Acad. Sd. USA 86.-8946, 1 989). 

It is now dear, however, that this 80 kDa IL-1 receptor protein does not mediate all the diverse biological 
effidcts of IL-1. Subsequent affinity cross-linking studies indicate that iL-1 receptora on the Epstein Banr virus 

20 (EBV)-transfbrmed human B cell lines VDS-O and 3B6, the EBV-positive BuridtTs lymphoma cell line l^ji, and 
the murine pre-B cell line 70Z/3, have a molecular weight of 60.000 to 68,000 kDa (l^atsushima et al., J.^ 
Immunol 736:4496, 1986; Bensimon etaL, J. /m/nuno/. 142:22B0, 1989;BensimonetaL,«/./mm(//?oA f43.i168> 
1989; Horuketal., J. Biol Chm. 26ai6275, 1987; Chbzonite etal., Pmc NaU.Acad. Sd. USA 86.-8029. 1989; 
Bomsztyk et al., Proc Natl. Acad. Sd. USA 86.-8034. 1989). ii^oreover, comparison of the biochemical proper- 

25 ties and kinetic analysis of the IL-1 receptor in the Raji B cell line with EL-4 murine T lymphoma cell line showed 
that Raji cells had lower binding afRnity but much higher receptor density per cell ^an a subclone of EL-4 T 
cells (Honik et at., J. Btol Cham. 262.i6275. 1987). Raji cells also f^Ded to internalize IL-1 and demonstrated 
altered receptor binding affinities with IL-1 analogs. (Horuk et aL, J. Bid. Cham. 262.-1 6275, 1 987). These data 
suggest that the IL-1 receptora expressed on B cells (referred to herein as type II IL-1 receptora) are different 

30 from IL-1 receptora detected on T cells and other cell types (referred to herein as type I IL-1 receptora). 

In order to study the structural and biological characteristics of type II IL-1 R and the role play^ by type II 
IL-1 R in the responses of various cell populations to IL-1 stimulation, or to use type 11 IL-1 R effecth^eiy in therapy, 
diagnosis, or assay, homogeneous compositions are needed. Such composittons are theoretically avaOable 
via purificatk>n of receptors expressed by cultured cells, or by doning and expression of genes encoding the 

35 receptors. Prior to the present Inventton, however, several obstacles prevented these goals from being 
achieved. 

Firet, no cell lines have prevtousiy been known to express high levels of type II IL-1R constitutively and 
continuoudy, and cell lines known to express type II IL-1R did so only in low numbers (500 to 2,000 receptors- 
/cell) which ^peded efTorts to purify receptors in amounts sufficient for obtaining amino acid sequence infbr- 

40 mation or generating nv>noclonal antibodies. The low numbers of receptors has also precluded any practical 
translation assay-based method of doning. 

Second, the significant differences in DNA sequence between type I IL-1 R and type II IL-1 R has preduded 
cross-hybridization usingamurine type IL-IRcDNA (Bomsztyk etaL,;^ Natl. Acad. Sd. USA 86.-8034, 1989, 
and Chizzonite et al.. Proa Natl. Acad. Sd. USA 86^029, 1989). 

45 Third, even if a protein composition of sufficient purity could be obtained to pennit N-tenninal protein 
sequendng, the degenera^ of the genetic code may not penra't one to define a suitable probe witiiout con- 
siderable additional experonentation. Many iterative attempts may be required to define a probe having the 
requisite specificity to identify a hybridizing sequence in a cDIMA library, AHhough direct expression doning 
techniques avoid tiie need far repetitive screening using diffierent probes of unknown specifidty and have been 

so useful in doning otiier receptors (e,g., type I IL-1 R), they are not sufRctentiy sensitive to be ^itabie for using 
in ktentifyingfypell IL-IRdonesfinomcDNAIibrariesderfvedfinomcdls expressing lownumb»sof type n IL-1R. 

Thus, efforts to purify the type II IL-IRorto done or express genes encoding type II IL-IRhave been sig- 
nifkantiy topeded by lack of purified receptor, a suitable source of receptor mRNA, and by a suffidentiy sen- 
sitive doning technique. 

55 

SUMMARY OF THE INVENTION 



The present invention provides purffied and homogeneous type 11 1L-1R proteins and isdated DIMA sequ- 
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ences encoding type II IL-1R proteins, In particular, human type II IL-1R, or analogs thereof. Preferably, such 
DMA sequences are selected from the group consisting of (a) cDNA clones having a nucleotide sequence 
derived from the coding region of a native type 11 IL-IR gene, such as done 75; (b) DMA sequences capable 
of hybridization to the cDNA clones of (a) under moderately stringent conditions and which encode biologically 

5 active IL-IR molecules; and (c) DMA sequences which are degenerate as a result of the genetic code to the 
DNAsequences defined in (a) and (b) and which encode biologically active IL-1R molecules. The present inven- 
tion also provides recombinant expression vectors comprising the DNAsequences defined above, recombinant 
^ II IL-1R molecules produced using the recombinant expression vectors, and processes for producing the 
recombinant type II iL-1R molecules utilizing the expression vectors. 

10 The present invention also provides substantially purged and homogeneous proteins and protein ompo- 
sit'ons comprising fype II IL-I R. 

The present invention also provides compositions fbr use in therapy, diagnoses, assay of type II IL-1 R, or 
In raising antibodies to type II IL-IR, comprising effective quantities of soluble native or recombinant receptor 
proteins prepared according to the foregoing processes. 

1$ These and other aspects of flie present Invention will become evident upon reference to the following 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 RG. 1 1s a schematic diagram of tiie expression plasmid pDC406. cDNA molecules Inserted at the Sal site 
are transcribed and translated using regulatory elements derived from HIV and adenovirus. pDC406 contains 
orpins of replication derived from SV40, Epstein-Barr virus and pBR322. 

FIG. 2 Is a schematic diagram of the human and murine type II IL-1 receptors and the various human and 
murine clones used to determine the sequences. Thin lines represent untranslated regions, while the coding 

25 region is depicted by a box. The sections encoding tiie signal peptide are fHled in; the transmembrane regions 
are cross-hatched; and ttie cytoplasmic portions are stippled. Potential N-linked glycosylation sites are marked 
by Inverted triangles. The predicted hununoglobulin-ltke disulfide bonds are also indicated by dashes connect- 
ing two sulfide molecules (S — S). 

FIG. 3 compares the amino add sequences of the human and murine type II IL-1 receptors (as deduced 

30 from ttie cDNA clones) witti the amino add sequences of the human and murine type I IL-1 receptors (Sims et 
ai., Pioc Naa. Acad. Sd. USA 85.-8946, 1989; Sims et al., Sdenca 241:585, 1988) and tite amino add sequ- 
ences of tiie Sl^ ceUuIar gene (Tomlnaga, FEBS Left 258.-301, 1989) and ttie B15R open reading frame of 
vacdnia virus (Smitii and Chan. J. Gen. Virology 72.-511, 1991). Numbering begins witii tiie Initialing 
metiilonine. The predicted posftion of tiie ^gnal peptide deavage In each sequences was determined according 

35 to the metiiod described by von Heljne, Nud. Adds. Res. f 4:4883, 1986, and Is Indicated by a gap between 
tiie putative signal peptide and ttie main body of ttie protein. The predicated transmembrane and cytoplasmic 
regions fbr the type II IL-1 receptore are shown on the bottom line, and are separated from one anottier by a 
gap. Residues conserved in all fbw lL-1 receptor sequences are presented In white on a black bacl^und. 
Residues conserved in type II receptore that are also found In one of the ottier sequences are shaded; residues 

40 conserved In type I IL-1 receptore ttet are found In one of ttie otiier sequences are boxed. Cysteine residues 
Invoh/ed In forming ttie disulfide bonds characteristic of ttie immunoglobulin fdd are martced witti sdid dots, 
while the extra two paire of cysteines found in the type I IL-1 receptor and in some of the otiier sequences are 
indicated by stars. The approxonate boundaries of domains 1, 2 and 3 are indicated above tiie lines. The pre- 
dicted signal peptide deavage in ttie ^ II IL-1 receptore foQow AIa13, resulting in an unusually short signaJ 

45 peptide and an N-temilnal extension of 12 (human) or 23 (mouse) amino ad<te beyond ttie point corresponding 
to ttie mature N-terminus of the human or mouse ^e I IL-1 receptor. Otiier less favored but still acceptable 
sites of deavage in the murine type II IL-1 receptor are after ThrlS or Pro17. This sequence alignment was 
made by hand and does not represent an ob^ctively optimized alignment of the sequences. The nudeotide 
and amino add sequences of ttie full lengtii and sduble human and murine fype 11 IL-1 receptor cDNAs are 

60 also set forth In the Sequence Listing herein. 

FIG. 4 shows an autoradtograph of an SDS/PAGE gel w&h crosslinked IL-1 receptore. Cells e)q)ressing 
IL-1 receptore were aoss-Gnked to ^^^L-l in tiie absence or presence of ttie cognate unlabded IL-1 comp^ 
tor, extracted, electrophoresed and autoradlographed as described in Example 6. Recombinant receptore were 
expressed trandentiy In CV1/EBNA cells. The cell lines used for cross^inking to natural receptore were KB 

SB (ATCC CCL 1717) {far human type I IL-IR), CB23 0br human type II IL-1F^. EU (ATCX: TIB 39) (for murine 
^ I IL-1R), and 7(XZ/3 (ATCC TIB 158) (for murine type II IL-IR). 
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DETAILED DESCRIPTION OF THE INVENTION 

Definftlons 

5 *IL-1" lefeis collectively to IL-1a and IL-ip. 

*Type II lnterieukin-1 receptor" and *^pe II IL-1 R" referto proteins which are capable of binding Interieuldn- 

I (iL-1) molecules and. In their native configuration as manrtmallan plasma membrane proteins, play a role in 
taneducing the signal provided by IL-1 to a ceil. The mature full-length human type II IL-1R Is a glycoprotein 
having an apparent molecular weight of approximately 60-68 kOa Specific eixamples of type II IL-1R proteins 

io are shown In SEQ ID NO:1 and SEQ ID N0:12. As used herein, the above terms Include analogs or sutHinlts 
of native type II IL-1R proteins vn*^ IL-i-blnding or signal transducing activity. Specifically included are trun- 
cated or soluble forms of type II IL-1R protein, as defined below. In the absence of any species designation, 
type II IL-1 R refers generically to n»mmsdian type II IL*1R. which Indudes, but is not limited to, human, murine, 
and bovine type II IL-1R. SImQariy, In the absence of any specific designation for deletion mutents, the term 

16 type II IL-1 R means all fonms of type II IL-1R, including mutants and analogs which possess type II IL-1R biologi- 
cal activity. 1nterieukin-1 Receptor" or "lL-1 R" refers collectively to type I IL-1 receptor and type II IL-1 receptor. 

"Sdubte type 11 IL-1 R" as used in the context of the present invention referto proteins, or substentially equhr- 
alent analogs, which are substantially simnar to all or part of the extracdiular region of a native type n IL-1 R, 
and are secreted by the cell but retein the ability to bind IL-1 or inhibit IL-1 signal transduction activity via cell 

20 surfece bound IL-1 R proteins. Soluble type II 1L-1R proteins may also include part of the transmembrane region, 
^r. provided timt the soluble type II IL-I R protein is capable of being secreted finom the ceil. SpecifiQ examples of 
^^ sbluble type II IL-1R proteins include proteins having the sequence of amino adds 1-330 or amino adds 1-333 
of SEQ ID Norland amino ackfs 1-342 and amino adds 1-345 of SEQ ID N0;12. Inhibition of IL-1 signal trans- 
duction activity can be determined using primary cells or cells lines which express an endogenous IL-1R and 

25 r which are biologically responsive to IL-1 or which, vi^en transfected with recombinant IL-1 R DNAs, are bldogi- 
caliy responsive to IL-1. The cells are then contected with IL-1 and the resulting metebollc effects examined. 
If an effect results which is attributable to the action of tiie ligand, then the recombinant receptor has signal 
transduction activity. Exemplary procedures for determining whetiier a pdypeptide has signdl transduction 
activity are d'sdosed by idzenia et ai., J. Exp. Med. f 7^.-861 (1990); Curtis et al., Proc. NaU. Acad, Sd. USA 

30 36.-3045 (1989); Prywes et al., EMBO J. 5:2179 (1986) and Chou et al., J. Bio!. Chem. 262.i842 (1987). 

The term "isolated" or "purified", as used in the context of this specification to define the purity of type II 
IL-1 R protein or protein compositions, means that the protein or protein composition is substentially firee of other 
proteins of natural or endogencxis oigin and contelns less than about 1% t>y mass of protein contamlnante resi- 
dual of production processes. Sudi compo^tions, however, can contein other proteins added as stebHizers, 

85 carriers, exdpients or co-therapeutics. Type II IL-1 R Is "isolated* if It is detecteble as a single protein band In 
a pdyaciylamide gel by silver stelnlng. 

The term "substentially similar," when used to define ettiier amino add or nudeic add sequences, means 
that a particular subject sequence, for example, a mutent sequence, varies from a reference sequence by one 
or more substitutions, deletions, or additions, the net effect of which Is to retain bidogical activfty of ttie type II 

40 IL-1R protein as may be detennined, for example, in a type 11 IL-1R binding assays, such as Is described In 
Example 5 below. Alternatively, nucleic add subunlts and analogs are "substantially similar" to the specific DMA 
sequences disdosed herein ft (a) ttie DMA sequence Is derived from the coding region of SEQ ID N0:1 or SEQ 
ID NO:12; (b) the DNA sequence is capable of hybridization to DNA sequences of (a) under moderately stringent 
conditions (25% fermamide, 42^C, 2xSSC) or alternatively under more stringent condittons (50% formamide, 

45 50<^C, 2xSSC or 50% fomiamlde, 42^C, 2xSSC) and which encode bidogically active IL-1R mdecules; or DNA 
sequences which are degenerate as a result of tiie genetic code to the DNA sequences defined in (a) or (b) 
and which encode bidoglcaliy active IL-1 R mdecules. 

"Recombinant," as used herein, means that a protein Is derived from recombinant (owg., microbial or manv 
malian) expression systems. "Microbial' refers to recombinant proteins made in bacterial or fungal (e.g., yeast) 

so Bxpressaan systems. As a product, "recorribinantmicroblal" defines a protein essenttelly free of native endogen- 
ous sut»stances and unaccompanied by as socia ted nathre glyoosylation. Protein expressed In most bacterial 
Clotures, e.g., E. oc^, v/fil be free of glycan; protein expressed In yeast may have a glycosylation pattem different 
from that expressed in mammalian cells. 

"Bidogicany active," as used throughout tiie spedfication as a characteristic of type II IL-1 R, means eittier 

55 that a particular mdecute shares sufRdent amino add sequrace similarity witti SEQ ID N0:2 or SEQ ID NQ:13 
to be capaUe of binding detectable quantifies of IL-1, preferably at least 0.01 nirrales IL-1 per nancmtde type 

II IL-1 R, or. In the alt^native, shares sufTldent amino add sequence similarity to be capable of transmitting an 
IL-1 stimulustoacdi. for example, asacomponent of ahybrid receptor construct More preferably, bidogically 
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active type II IL-1 R wfthin the scope of the present Invention is capable of binding greater than 0.1 nanomoles 
!L-1 per nanomole receptor, and most preferably, greater than 0.5 nanomoles IL-1 per nanomole receptor. 

■DMA sequence" refers to a DMA polymer, In the form of a separate fragment or as a component of a laiger 
DNA construct, which has been derhfed fhom DMA isolated at least once In substantially pure form, i.e., bee of 

5 contaminating endogenous materials and In a quantity or concentration enabling Identification, manipulation, 
and recovery of the sequence and Rs component nucleotide sequences by standard Irfochemical methods, for 
example, using a cloning vector. Such sequences are preferably provided In the fomi of an open reading frame 
uninterrupted by Internal nontranslated sequences, or Introns, which are typtedly present in eukaryotic genes. 
However, itv^lbeevidentthatgenomicDNAoontabiing the relevantsequences could also be used. Sequences 

10 of non-translated DNA may be present 5' or 3' fnm the open reading tame, where the same do not Interfere 
with manipulation or expression of the coding regions. 

"Nucleotide sequence" refers to a heteropolymer of deoxyribonudeotides. DNA sequences encoding the 
proteins provided by this invention are assembled from cDNA fragments and short oligonucleot'de linkers, or 
firom a series of d^onudeotfdes, to provide a synthetic gene which is capable of being expressed in a recom- 

15 binant transcriptional unit 

•Recombinant expression vector* refers to a plasmid comprising a transcriptional unit comprising an 
assembly of (1) a genetic element or elements having a regulatory role in gene repression, for example, prom- 
oters or enhancers, (2) a structural or coding sequence which is transcribed Into mRNA and translated Into pro- 
tein, and (3) appropriate transcription and translation Initiation and tenmination sequences. Stiuctural elements 

20 intended for use in yeast expression systems preferably Indude a leader sequence enabling extracellular sec- 
retion of translated protein bya hostcelLAItemativelyj where recombinant protein is expressed without a leader 
or transport sequence, it may Indude an N-tennlnal methionine residue. This residue may c^tkmally be sub- 
sequently deaved finom the expressed recombinant protein to provide a final product 

"Recombinant microbial expression system" means a substantially homogeneous monoculture of suitable 

25 host microorganisms, for example, bacteria such as £co// or yeast such as S. cerovisiae, which have stably 
integrated a recombinant transcriptional unit Into chromosomal DNA or cany the recombinant transcriptional 
unit as a component of a resident plasmld. Generally, cells constitutfaig the system are the progeny of a single 
ancestral transfomfiant Recombinant expression systems as defined herein will express heterologous protein 
upon induction of the regulatory dements linked to the DNA sequence or synthetic gene to be expressed. 

30 

Type II IL-1 R Proteins and Analogs 

The present invention provides isdated recombinant mammalian type II IL-1R polypeptides. The type II 
IL-1 R proteins of the present invention indude, by way of example, primate, human, murine, canine, feline, 

35 bovine, ovine, equine, caprine and pordne type II IL-IR. Type 11 IL-1R can be obtained by cross spedes hyb- 
ridization, using a single stranded cDNA derived from the human or murine type II IL-1R DNA sequence, for 
example, human done 75, as a hybridization probe to fsolate type 11 IL-1R cDNAs from mammalian cDNA lib- 
raries. Uke most mammalian genes, mammalian type II IL-1R is presumably encoded by multi-exon genes. 
Alternative mRNAcon^cts which can be at&nbuted to different mRNA splicing events fdlovtdng transcription, 

40 and which share large regions of identity ordmQarity with ttie cDNAs daimed herein, are considered to be within 
the scape of the present invention. DNA sequences which encode IL-IR-ll, possibly in the form of alternate spllc- 
big arrangements, can be tedated fitom the following cells and tissues: B lymphoblastold lines (such as CB23, 
CB33, Raji, RPMI1788, ARH77), resting and especially activated peripheral blood T cells, monocytes, ttie 
monocytic cdl line THP1, neutrophils, bone marrow, placenta, endottidial cells, keratinocytes (espedally acti- 

45 vated), and HepG2 cells. 

Derivatives of type It IL-1R wittiln ttie scope of tfie invention also indude various structural forms of ttie 
penary protein whidi retain biological activity. Due to ttie presence of ionizade amino and cartxMcyl groups, 
for example, a type II IL-1R protein may be In ttie fonm of addle or basic salts, or may be In neutral famt Indi- 
vkluai amino add residues may also be modrHed by oxidation reduction. 

60 The piimaiy amino a^ structure may be modified by forming covalent or aggregative conjugates with otfier 
diemlcal moieties, sudi as glycosyl groups, lipids, phosphate, acetyl groups and ttie like, or by creating amino 
acid sequence mutants. Covalent derivatives are prepared ty linking particularfonctbnal groups to type II IL-1 R 
amino add side cha'ns or at ttie N- or C-temnlnL Ottier derivatives of type If IL-I Rvdttiin ttie scope of ttiis friven- 
tion Indude covalent or aggregative conjugates of type H IL-IRor&sfiragmentswifl) ottier proteins or polypep- 

55 fides, sudi as by synttiesb in recombinant culture as r^temifnal or C-temriinal fodons. For example, tiie 
conjugated peptide may be a a s^nal (or leader) polypeptide sequence at the N-tenninal r^lon of ttie protein 
whIdi co-trandationally or post-trandationally directs transfer of ttie protein from Its site of synttiesis to its site 
of function inside <»*outdde of the cell membrane or wall (e.g., ttie yeast a-4iactor leader). Type II IL-1R protein 
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fii^ons can comprise peptides added to fadlHate purification or identification of type. II IL-1R (e.g., poiy-HIs). 
The amino acid sequence of type II IL-1R can also be link^ to the peptide Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys 
(DYKDDDDIQ(Hoppetal.,B/Q^ec/7no/og/6ri204,1988,) The latter s is highly antigenic and provides 

an epitope reveisibly bound by a spedftc monoclonal antibody, enabling rapid assay and facile purification of 
expressed recombinant protein. This sequence is also spedfically cleaved by bovine mucosal enteiokinase at 
the residue immediately following the Asp-Lys pairing. Fusion proteins capped with this peptide may also be 
resistant to intracellular degradation in £ coG. 

Type II IL-1R derivatives may also be used as immunogens, reagents in receptor-based immunoassays, 
or as binding agents for afRnay purification procedures of IL-1 or other binding ligands. Type II IL-1 R derivatives 
may also be obtained by cross-linking agents, such as M-nnaleimidobenzoyl sucdnimide ester and N-hyd- 
roxysucdnimide, at cysteine and lysine residues. Type II IL-1R proteins may also be covaiently bound through 
reactive side groups to various insolut^e substrates, such as cyanogen bromide-activaled, bisoxirane-acti- 
vated, cari)onyidiimidazole-activated or tosyt-actlvated agarose structures, or by adsorbing to pdyolelin sur- 
faces (with or wfthout glutaraldehyde cross-linking). Once bound to a substrate, type II IL-1R n»y be used to 
selectively bind (for purposes of assay or purification) anti-fype II IU1R antibodies or IL-1. 

The present Invention also includes type 11 IL-1R with or without assodatetf native-pattern gtycosylatton. 
Type II lL-1 R expressed in yeast or mammalian expression systems, e.g., COS-7 ceils, may be similar or slightly 
different In molecular weight and glycosylation pattern than the native molecules, depending upon the expres- 
sion system. Expression of type II IL-1R DMAs in bacteria such as £. co// provides non-g!ycos^ated mdecules. 
FuncOonal mutant analogs of mammalian type II IL-1 R having inactivated N-glycosylatk>n sites can be produced 
by oligonudeotide synthesis and ligation or by site-specific mutagenesis techniques. These analog proteins 
can be produced in a homogeneous, reduced-carbohydrate fomi in good yield using yeast expression systems. 
N-^ycosylation sites in eukaryotic proteins are characterized by the amino add triplet Asn-At-Z, where Ai Is 
any antfno add except Pro, and Z is Ser or Thr. In this sequence, asparaglne provides a side chain amino group 
fDr covalent attachment of carbohydrate. Examples of figlycosylation sites in human type II IL-1 R are amino 
adds 66-68, ^-74, 112-114, 219-221, and 277-279 in SEQ ID N0:1. Such sites can be elfrnlnated by sub- 
stituting another amino add for Asn or for residue Z, deleting Asn or Z, or inserting a non-Z amino add between 
Ai and Z, or an amino acM otiier than Asn t)etween Asn and A). 

Type II IL-1 R derivatives may also be obtained by mutations of type II IL-1 R or Os subunits. A type II IL-1 R 
mutant as refenred to herein, is a pdypeptide homologous to type II lL-1 R but which has an amino add sequ- 
ence different fnom native type II IL-1R because of a deletion, insertion or substitution. 

Bioequivalent analogs of type II IL-1R proteins may be constructed by, for example, making various sub- 
^Itutions of reskiues or sequences or deleting terminal or Internal reskiues or sequences not needed far btolog^ 
cal activity. For example, cysteine residues can be deleted or replaced witii other amino adds to prevent 
fonnation of unnecessary or Incorred Intramdecular disulfide bridges upon renaturation. Otiier approaches to 
mutagenesb invoh^e modification of adjacent dibasic antino add residues to enhance expression in yeast sys- 
tems In which KEX2 protease activi^ Is present Generally, substitutions should be made conservatively; i.e., 
ttie mo^ preferred substitute amino adds are those having physk>chemicai characteristics resembling tiiose 
of tiie residue to be replaced. SimQariy, when a deletion or insertion strategy is adopted, the potential effisd of 
tiie deletion or insertion on biological activity should be considered. Substantially similar pdypeptide sequ- 
ences, as defined above, generallycomprisealikenumberof amino adds sequences, although C-termina! trun- 
cations for the purpose of constructing soluble type II lL-1 Rs w9l contain fewer amino add sequences. In order 
Id preserve the btologlcal activity (tf type II IL-IRs, deletions and substitutions wQI preferably result in homdog- 
ous or conservativdy substituted sequences, meaning tiiat a given residue is replaced by a bidoglcally similar 
reskiue. Examples of conservative substitutions indude substitution of one aliphatic residue foranottier, such 
as lie, Val, Leu, or Ala for one anotiier, or substitutbns of one polar residue for anotfier, such as between Lys 
and Arg; GIu and Asp; or Gin and Asn. Otiiersuch conservative substitutions, for example, substftutions of entire 
regions having ebnilar hydrc^hobicily characteristics, are well known. Moreover, particular antino add differ- 
ences between human, murine and otiier mamnallan type II IL-IRs is suggestive of additbnal conservative 
substitutions tiiat may be made without altering tiie essential bblogical characteristics of type II IL-1 R. 

Subunits of type II IL-1 R may be constructed by deleting terminal or internal residues or sequences. The 
present invention contemplates, for exannple, C terminal deletions which result in soluble type II IL-1R oon- 
stnicts corresponding to all or part of tiie extraceQular region of type II IL-IR. The resulting protein preferably 
retains its abDlty to bind IL-1 . Particulariy (»ieferred sequences indude ttiose In Ich the transmembrane regton 
and Intracelluiar dontain of ^e D lL-1 Rare deleted orsubstituted vMth hydrophOlc residues to faditate secretion 
of the receptor Into the ceO culture medium. SduUe type II IL-1 R proteins may also Indude part of tiie trans- 
membrane regton, provided tiiat the soluble type 11 IL-1 R protein Is capable of being seoeted fnom the cdl. For 
example, sdude human type II IL-IR may comprise the sequence of amino ackis 1-333 or amino adds 1-330 
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of SEQ ID N0:1 and amino ackfs 1-345 and amino adds 1-342 of SEQ ID N0:12. Alternatively, soluble type 
II IL-1R proteins may be derived by dieting the C-tenmlnal region of a type II IL-1R within the extracellular region 
which are not necessary for IL-1 binding. For example, C-temiinal deletions may be made to proteins having 
the sequence of SEQ ID N0:1 and SEQ ID N0:12 following amino adds 313 and 325, respectively. These 
amino adds are cysteines which are believed to be necessary to nf»intain the tertiaiy structure of the type II 
IL-1R molecule and permit binding of the type II IL-IR molecule to IL-1. Soluble type n IL-1R con^cts are 
constructed by deleting the 3'-terminal region of a DNA encoding the type II IL-1 R and then inserting and exp- 
ressing the DNA in appropriate expression vectors. Exemplary methods of constructing such soluble proteins 
are described In Examples 2 and 4. The resulting soluble type II IL-1 R proteins are then assayed fbr the abili^ 
to bind IL-1, as described in Example 5. Both the DNA sequences encoding such solubTe type II IL-IRs and 
the biologically active soluble type II IL-IR proteins resulting finom such construcdons are contemplated to be 
within the scope of the present invention. 

Mutations in nudeotide sequences constructed for expression of analog type 11 IL-IR must, of course, pre- 
serve the reading firame phase of the coding sequences and preferably will not create complementary regions 
that could hybridize to produce secondary mRNA stmctures such as loops or hairpins which would adversely 
affect translation of the receptor mRNA. Although a mutation site may be predetennined, it is not necessary 
that the nature of the mutation perse be predetermined. For example, in order to select for optintum charao- 
terlstics of mutants at a given site, random mutagenesis may be conducted at the target codon and the exp- 
ressed type n IL-IR mutants screened fbr the desired activity. 

Not an mutations In the nucleotide sequence which enc<»1es type 11 IL-IR wOI be expressed in the final prx>- 
duct, fbr example, nudeotide substitutions may be made to enhance expression, prImarOy to avoid secondary 
stmcture loops in the transcribed mRNA (see EPA 75,444A, Incorporated herein by reference), or to provide 
codons that are more readily translated by the selected host, e.g., the well-known £ coB prefbrence codons 
fbr E. coB expression. 

Mutations can be introduced at particular lod by synthesizing oligonudeotides containing a mutant sequ- 
ence, flanked by restriction sites enabling ligation to fragments of ttie native sequence. Fdlowing ligation, the 
resulting reconstructed sequence encodes an analog having the desired amino add Insertion, substitution, or 
deletion. 

Altematively, digonudeotide-drrected site^pedfic mutagenesis procedures can be employed to provide 
an altered gene having particular codons altered according to the substitution, deletion, or insertion required. 
Exemplary mettiods of making tiie alterations set fortii above are disdosed by Walder et al. (Gem 42:133, 
1986); Bauer et al. (Gene 37.73, 1985); CraBc (BtoTechnfques, January 1985, 12-19); Smtth et al. (Genette 
Engineering: Prniciples and Meihods, Plenum Press. 1981); and U.S. Patent Nos. 4,518^ and 4,737,482 
disdose suitable techniques, and are incorporated by reference herein. 

Botii monov^ent fonns and polyvalent forms of type II IL-IR are useful in the compositions and methocte 
of tills invention. Polyvalent fbnrns possess multq)!e type II IL-IR binding sites for IL-1 ligand. For example, a 
bivalent sohible type II IL-IR may consist of two tandem repeats (rf tiie extracellular region of type II IL-IR, 
separated by a linker region. Alternate polyvalent forms may also be constructed, for example, by chemically 
coupling type 11 IL-1 R to any dinically acceptable carrier molecule, a pdymer selected from tiie group consisting 
of Ficdl, polyetii^ene glycol or dextran using conventional coupling techniques. Altematively, type II IL-IR may 
be chemically coupled to biotin, and tiie biotin-type II IL-IR conjugate tiien allowed to bind to avidin, resulting 
in tetravalent avidln/btotinAtype II IL-1 R mdecules. Type II IL-1 R may also be covalentiy coupled to dinitrophenol 
(DNP) Or trinitrophend (TNP) and tiie resulting conjugate predpteted witti anti-DNP or anti-TNP-lgM. to fbrm 
decameric conjugates witii a valen^ of 10 fbr type II IL-IR binding sites. 

A reoomtrinant chimeric antibody molecule may also be produced having type II IL-I R sequences substi- 
tuted for ttie variable dentins of eititer or botii of the immunoglubulln mdecule heavy and light chains and hav- 
ing unmodified constant region domains. For ^cample, dilmerte type II IL-IR/IgGi may be produced from two 
chimeric genes - a type II IL-IR/human k light chain chimera (type II IL-IR/CJ ^ a type II iL-1R/human yl 
heavy chain chimera (^e II IL-IR/C^i). FoDowing transcription and translation of the two diimeric genes, tiie 
gene products assembfe Into a dngie chimeric antibody n»lecute having type II IL-IR displayed blvalenfly. 
Such pdyvalent forms of type II IL-1R may have enhanced binding affinity for IL-1 l^and. Additional details 
relating to tiie construdion of ^ch diimeric antibody molecules are disdosed in WO 89709622 and EP 315062. 

Expression of Recombinant Type II fL-1R 

The present invention provides recombinant expression vectors to amplify or express DNA encoding type 
Q IL-IR. Recombinant expression vectore are replicable DNAconstnjds which have syntiieticor cDNA-derived 
DNA fragments encoding mammalian type II IL-IR or bloequivalent analogs operably iink^ to suitable tran- 
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scriptional or translational regulatoiy elen^nts derived from mammalian, microbial, viral or Insect genes. A tran- 
scriptional unit generally comprises an assembly of (1) a genetic element or elements having a regulatcvy role 
in gene expression, fbr example, tFanscriptional promoters or enhancers, (2) a structural or coding sequence 
which is transcribed into mRNA and translated into protein, and (3) appropriate transcription and translation 

5 inb'ation and termination sequences, as described In detail below. Such regulatory elements may include an 
operator sequence to control transcription, a sequence encoding suitable mRNA ribosomal binding sHbs. The 
ability to replicate in a host, usually conferred by an origin of replication, and a selection gene to facflitate rec- 
ognition of transfonmants may additionally be incorporated. DMA regions are operably linked when they are 
functionally related to each otiier. For example, DMA for a signal peptide (secretory leader) is operebiy linked 

10 to DMA for a polypeptide if It is expressed as a precursor which participates in ttie secretion of the polypeptide; 
a promoter is operably linked to a coding sequence if it controls tiie transcription of the sequence; or a ribosome 
binding site is opmt)ly linked to a coding sequence If it b positioned so as to permit translation. Generally, 
operably linked means contiguous and, in the case of secretory leadere, contiguous and in reading frame. Struc- 
tural elements Intended tor use in yeast expression systems preferably include a leader sequence enabling 

IS extracellular secretion of translated protein by a host cell. Alternatively, where recombkiant protein is expressed 
^thout a leader or transport sequence, it may include an M-temninal methionine resklue. This residue may 
optionally be subsequently cleaved finom the expressed recombinant protein to provide a finai product 

DMA sequences encoding mammaiiari type II IL-1I^ which are to be expressed in a microorganism will 
preferably contein no introns tiiat could prematurely tenninate transcription of DNA into mRf^ however, 

20 premature temiination of transcription may be desirable, for example, where it would result in mutante having 
advantageous C-termlnal truncations, fbr example, deletion of a transmembrane region toyield asduble recep- 
tor not bound to the cell membrane. Due to code degeneracy, there can be considerable variation in nucleotide 
sequences encodir^ the same amino acid sequence. Otiier embodimente include sequences capable of hyb- 
ridizing to done 75 under moderately stringent conditions (50^C, 2x SSC) and other sequences hybridizing or 

25 degenerate to tiiose whk:h encode biologically active type II IL-1 R polypeptides. 

Recombinant type 11 IL-1R Dh4A Is expressed or amplified in a recombinant expression system comprising 
a substentially homogeneous monoculture of sulteble host microorganisms, fbr example, bacteria such as E 
coU or yeast such as S. corevidae, which have stebly integrated (by transformation or transfection) a recom- 
binant transcriptional unit into chronrwsomal DNA or carry the recombinant transcriptional unit as a component 

30 of a resident plasmld. Generally, cells constituting tfie system are the progeny of a single ancestral transfer- 
mant IRecombinant expresston systems as defined herein will express heterologous proton upon Induction of 
the regulatory elemente linked to the DNA sequence or synthetic gene to be expressed. 

Transformed host cells are cells ^Ich have been transformed or transfected with fype 11 IL-1R vectors con- 
structed u^g recombinant DNA technk{ues. Transformed host cells ordinarily express ^e 11 IU1 R, but host 

35 c^s transtonned for purposes of cloning or amplHying type 11 IL-1 R DNA do not need to express type II IL-IR. 
Expressed type 11 IL-1 R wOl be deposited in tiie cell membrane c»rsecreted Into the culture supematent, depend- 
oig on tiie type 11 IL-IR DNA selected. Sulteble host cells for expresston of mammalian type II IL-IR include 
prokaryotes, yeast or higher eukaryotic cells under the control of appropriate promoters. Prokaryotes include 
gram negative or gram positive organisms, for example E. cdi or badlii. I^igher eukaryotic cells include 

40 established cell lines of mammalian or^in as described below. CelHree translation systems could also be 
employed to produce mammal'an type II IL-I R using RNAs derived from the DNA constnjcte of the present 
invention. Appropriate cloning and expression vectors for use witii bacterial, fungal, yeast, and marmialian cel- 
lular hoste are descn'bed by Pouwels et al. (Cloning Vectors: A Laboratory Manual, Elsevier, New Yoric, 1985), 
tiie relevant disclosure of which is hereby incorporated by reference. 

45 Pnricaryotie expression hoste may be used for expression of type il IL-1 R that do not require extensive pro- 
teolytic and disulfide processing. Prokaryotic expression vectors generally comprise one or more phenotypto 
selectable markers, fbr example a gene encoding proteins confem'ng antibtotic reslstence or supping an auto- 
trophic requirement, and an origin of replication recc^nized by tiie host to ensure amplification wittiin the host 
Suitatrie prokaryotic hoste for transfonmation include E. coli, BadBus subUSs, SabnonaBa typhtnurium, and vari- 

so ous spades wittiin tiie genera Psec/dbmonss, Straptomyces, and Staphyo!ococcus, altiiough otttere may also 
be employed as a matter of chotee. 

Useful expression vectore for bacterial use can comprise a selectable marker and t>acterial or^in of rep- 
lication derived from comm e r cially avaDaUe plasmids comprising genetic elemente of the weO known cloning 
vector pBR322 (ATCC 37017). Such commercial vectore include, for example. pKK223^ (Phamiacia Rne 

55 Chemicals, Uppsala, Sweden) and pGEMI (Promega Btotec, Madison, Wl, USA). These pBI%322 "backbone" 
sections are combing with an appropriate promoter and the structural sequence to be expressed. £ coll 
typically transfomied using derivatives of pBR322, a plasmki derived from an £, co/rspedes (Bolivar etal.. Gene 
ZSS, 1977). pBR322 contains genes fiorampicfllln and tetracycline resistance and tiius pravMes simple means 
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for identifying transfonmed cells. 

Promoters commonly used In recombinant microbial expression vectors Include the p^adamase (penidl- 
llnase) and lactose promoter system (Chang et al^ Nature 275.-615, 1978; and Goeddel et al., Natum 231*544, 
1979), the tryptophan (trp) promoter system (Goeddel et al., Nud. Acids R&s. 1980; and EPA 36,776} 

and tac promoter (Manlatis, Moiecular Ctoning: A Laboratory Manua!, Cold Spring Harbor LaborBtoiy, p. 412, 
1982). A partieularly useful bacterial expression system employs the phage X Pi promoter and cl857ts ther- 
molabOe repressor. Plasmid vectors avaOable from the American Type Culture Collecfe)n which Incorporate 
derivatives of the X Pl promoter Include plasmid pHUB2, resident In £ co// strain JMB9 (ATCC 37092) and 
pPLc28, resident in E co// RR1 (ATCC 53082). 

Recombinant type II IL-1R proteins n»y also be e)q)ressed In yeast hosts, preferably from the Sac- 
charomyces spedes, such as S. cerevfsiae. Yeast of other genera, such as Pichla or Kluyveromyces may also 
be employed. Yeast vectors will generally contain an origin of replication from the 2^ yeast plasmid or an aut- 
onomously replicating sequence (ARS), promoter, DMA encoding type II IL-1R, sequences'for polyadenylation 
and transcription tenmination and a selection gene. Preferably, yeast vectore wBI Include an origin of replication 
and selectable maricer permitting transfonnatlon of both yeast and £ coH, e.g., the ampicUlin resistance gene 
of £. co/fand S. cereWsfeeTRPI or URA3gene, whidi provides a selection maricerfor a mutant strain of yeast 
lacking the abflify to grow in tryptophan, and a promoter derived from a highly expressed yeast gene to induce 
transcription of a struc&ral sequence downstream. The presence of theTRPI or URA3 lesion in the yeast host 
cell genome then provides an effective environment for detecting transfbrmatton l>y growth In the absence of 
tryptophan or uracQ. 

S Suitable promoter sequences in yeast vectors include the promoters for metaHothionein. S-phosphoglyo- 
erate kinase (Hitzeman et al.. J. B!oL diem 255.-2073, 1980) or other glycolytic enzymes (H^ et al., J. Adv. 
Enzynw Reg. 7^49, 1968; and Holland et al., Bhchem. f 7:4900, 1978), such as enolase. glyceraldehyde-3. 
phosphate dehydrogenase, hexokinase, pymvate decariMxytase, phosphofructoWnase, glucose-6-phosphate 
Isomerase, 3-phosphogIycerate mutese, pyruvate kinase, triosephosphate i^jmerase, phosphoglucose isom- 
erase. and glucokinasa Suiteble vectors and promotere for use in yeast expression are further described in 
R. Hitzeman et al., EPA 73,657. 

Prefened yeast vectore can be ass&nbled using DNA sequences from pUCI 8 for selection and replication 
In H ootf (Amprgeneand origin of replication) and yeast DNA sequences including a glucoseH«pressibIeADH2 
promoter and orfector secretion leader. The ADH2 promoter has been descnTwd by Russell etal. (J. BtoL Cbem. 
25a'2674, 1982) and Beier et al. (Nature 300:724, 1982). The yeast a-factor leader, which directe secretin of 
heterologous proteins, can be Inserted between the promoter and the structural gene to be expressed. See, 
e.g., Kuijan et al., CeU 30:933, 1982; and Bitter et at, Proc Nat!. Acad. Sd. USA 8f .-5330, 1984. The leader 
sequence may be modified to contain, near ite 3'end, one or mom useful restriction sites to fedlitate fusion of 
the leader sequence to foreign genes. 

Suiteble yeast transfonnation protocols are known to those of skill in the art an exemplary technique is 
described by Hinnen etd., Proc. NatL Acad. Sd. USA 751:1929, 1978.seleclingforTrp*transformante In aseleo- 
five medium consisting of 0.67% yeast nitrogen base, 0.5% casamino acids, 2% glucose, 10 adenine 
and 20 ng/nti uracfl or URA+ fransfonnante in medium consisting of 0.67% YNB. with amino acids and bases 
as described by Sherman etal., iBlioratory Course Marwallbr Methods In Yeast Genettcs, Cokf Spring Hart>or 
Laboratory. Cold Spring Harbor, New Yortc, 1986. 

Host ^rahis transformed by vectore comprising the ADH2 promoter may be grown for expressfon In a rich 
medium consisting of 1% yeast extract, 2% peptone, and 1% or 4% glucose supfriemented witti 80 |ig/ml 
adenine and 80 ug/ml uracfl. Derepression of ttie ADH2 promoter occure upon exhau^on of medium glucose. 
Crude yeast supematante are harvested by filtration and held at 4"^; prtor to further purifteation. 

Various mammalian or insect ceO culture systems are also advantageously employed to express recom- 
binant protein. Expression of recombinant proteins in mammalian cells is particularty preferred because such 
proteins are generally conectiy ftrfded, appropriately modified and completely functional. Examples of suiteble 
manmianan host ceO lines include tfie COS-7 Ones of monk^ kklney cells, described by Gluzman fCeff 23n75, 
1981). and o^er cell lines capable of expressing an appropriate vector Including, for example, L cells, C127, 
3T3, Chinese hamster ovary (CHO). HeLa and BHK cell lines. Mammalian expressbn vectore may comprise 
nontnanscribed demente such as an origin of replication, a suitable promoter and enhancer WnkBd to the gene 
to be expTKsed, and ottier 5'or 3' flanking nontnanscribed ^quences. and y or 3' nontranslated sequences, 
such as necessary ribosome binding sites, a polyadenylation site, splice donor and acceptor ^t^, and tran- 
scripttonal termination sequences. Baculovinis systems for production of heterologous proteins in insect cells 
are reviewed by Luckow and Summere, BfoTTedindogy 6.47 (1 9^). 

The transcriptional and trandational control sequences in expresston vectore to be used in tran^nning 
vertebrate oeOs may be provided by viral sources. For example, commonly used promotere and enhancere are 
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derived from Potyoma. Adenovirus 2, Simian Virus 40 (SV40), and iiuman cytomegalovirus. DMA sequences 
derived from the SV40 viral genome, for example, SV40 origin, early and late promoter, enfiancer, splice, and 
polyadenylatjon sites may be used to provide the other genetic elements required for expression of a heterolog- 
ous DNA sequence. The earty and late promoters are particularfy useful because bctii are obtained easily from 

5 the virus as a fragment which also contains the SV40 viral origin of replication (Rers et a!., Natum 27^ 13, 
1978). Smaller or larger SV40 fragments may also be used, provided ^e approximately 250 bp sequence 
extending firom the Hind 3 site toward the Bgll site located in the viral origin of replication is included. Further, 
mammalian genomic type 11 IL-1R promoter, control and/or signal sequences may be utilized, provided such 
control sequences are compatible with the host cell chosen. AddiSonal detafls regarding the use of a mamma- 

10 lian high expression vector to produce a recombinant mammalian type II IL-1R are provided in Examples 2 
below. Exemplary vectors can be constructed as disclosed by Okayama and Berg (MoL Cell. Bk>L 3.-280, 1983). 

A useful system for stable h^h level expression of mammalian receptor cDl^ In CI 27 murine mammary 
epithelial cells can be constructed substantially as described by Cosman et al. tmmunxa. 23:935, 1986). 
In prefeired aspects of the present invention, recombinant expression vectos comprising type II IL-1R 

IS cDNAs are stably integrated into a host cell's DNA. Bevated levels of expression product is achieved by select- 
ing for cell lines having amplified numbers of vector DNA. Cell lines having amplified nunibers of vector DNA 
are selected, Ibr example, transfbmiing a host cell with a vector comprising a DNA seque^^ 
an enzyme which is inhibited by a known drug. The vector may also comprise a DNA sequence which encodes 
a desired protein. Alternatively, the host cell may be co-transfonmed with a second vector which comprises the 

20 DNA sequence which encodes the desired protein. The transformed or co-transfonned host cells are then cul- 
tured In increa^ng concenb^ns of the loiown drug, thereby selecting for drug-resistant cells. Such drug-resls- 
tent cells survive in increased concentrations of the toidc'drug by over-production of the enzyme which is 
inhibited by the drug, frequentiy as a result of amplification of the gene encoding the enzyme. Where (frug resi- 
stence is caused by an increase in the copy number of tiie vector DNA encoding the inhlbiteble enzyme, there 

25 is a concomitant co-amplification of the vector DhiA encoding the desired protein (e.g., type II IL-1 R) in the host 
cell's DNA. 

A preferred system for such co-amplification uses the gene for dihydrofolate reductase (DHFR), which can 
be inhibited by the drug methotrexate (A^TX). To achteve oo-ampl9icat!on, a host cell which lacks an active gene 
encoding DHFR is either transfonned with a vector which comprises DNA sequence encoding DHFR and a 

30 desired protein, or is co-transfomied a vector comprising a DNA sequence encoding DHFR and a vector 
comprising a DNA sequence encoding the desired protein. The transfonmed or co-transfbmied host cells are 
cultured In media containing increasing levels of MTX, and those cells lines which survive are selected. 

A pariiculariy preferred co-amplification system uses the gene for glutamlne synthetese (GS), which is res- 
ponsible for the syntiiesls of glutamlne from glutemate and ammonia using tfie hydrolysis of ATP to ADP and 

35 phosphate to drive the reaction. GS is subject to inhibition by a variety of inhibitors, fbr example methionine 
sulpfiQximine (MSX). Thus, type II IL-1 R can be expressed in high concentrations by co-amplifying cells trans- 
Ibnrned a vectCH-comprisuig the DNA sequence for GS and a desired protein, or co-transformed witii a veo- 
tor oomprsing a DNA sequence encoding GS and a vector comprising a Dl^ sequence encoding the desired 
protein, cultoring the host cells in media conteining increasing levels of MSX and selecting for »irviving cells. 

40 The GS co-amplification system, appropriate recombinant expression vectors and cells lines, are described on 
tiie foDowlng PCT applteafions: WO 87/04462, WO 89/01036, WO 69/10404 and WO 86/05807. 

Recombinant proteins are preferably expressed by oo-amplification of DHFR or GS tfi a mammalian host 
cell, sudi as Chinese Hamster Ovary (CHO) cells, or alternatively In a murine myeloma cell line, such as SP2/0- 
Ag14 or NSO or a rat myeloma cell line, such as YB2/3.0-Ag20, disclosed in PCT applications WO/89/10404 

45 and WO 86/05807. 

A prefisnied eukaryotic vector fbr expression of type If IL-1R DNA is disclosed below in Example 2. This 
vector, referred to as pDC406, was derived from tiie mammalian high expression vector pD0201 and contains 
regulatory sequences from SV40, HIV and EBV. 

50 Purification of Reoomlrinant Type 11 IL-I R 

Purified manrtmalian type 11 lL-1 Rs or analogs are prepared by culturing suiteble ho^ector systems to exp- 
ress the recombinant translation producte of the DNAs the present invention, which are then purified from 
culture media or oeD extracts. 
55 For example, supematente finom systems which secrete recombinant soluble type II lL-1 R protein into cul- 
ture media can be first concentrated using a oonunerdaliy avaQable prote'm concentration fSter, for example, 
an Amicon or MUlipc^ PeOicon ultrafilbation unit Following tiie concentration step, the concentrate can be 
applied to a suitable purffication nmtrix. For example, a suitable affinity manx can comprise an lL-1 or lectin or 
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antibody molecule bound to a suitable support. Alternatively, an anion exchange resin can be enrtployed, for 
example, a matrix or substrate having pendant diethylamlnoethyl (DEAE) groups. The matrices can be 
acrylamlde, agarose, dextran, celluiose or other types commonly employed In protein purification. Alternatively, 
a cation exchange step can be employed. Suitable cation exchangers Include various Insoluble matrices com- 
prising sulfbpropyl or carbos^ethyi groups. SuHbpropyl groups are preferred. 

Fbially, one or more reversed-phase high performance liquid chromatography (RP-HPLC) steps employing 
hydrophobic RP-HPLC media, e.g.,sQicagel having pendant methyl or other aliphatic groups, can be employed 
to further purify a type II IL-1R composition. Some or all of the foregoing purification steps, in various combi- 
nations, can also be employed to provide a homogeneous recombinant protein. 

Recombinant protein produced in bacterial culture Is usually Isolated by initial extraction from cell pellets, 
followed by one or more concentration, salting-out, aqueous ion exchange or size exclusion chromatography 
steps. Rnally, high perfonmance liquid chromatography (HPLC) can be employed for final purification steps. 
Microbial cells employed in e)q)resslon of recombinant mammalian type II IL-1R can be disrupted by any con- 
venient method, Including freeze-thaw ^ding, sonlcation, mechanical disruption, or use of cell lysing agents. 

Femnentatlon of yeast which express soluble mammalian type II IL-1 R as a secreted protein greatly sfm- 
plifles purification. Secreted recombinant protein resulting from a large^cale femientation can be purified by 
methods analogous to those disclosed by Unjal et al. (J, Obromatog. 295:171 , 1984). This reference describes 
two sequential, reversed-phase HPLC steps for purification of recombinant human GM-CSF on a preparative 
HPLC column. 

Human type II IL-1R syntiiesbz^d in recombinant culture is characterized by the presence of non-hun^ 
cell components, including proteins, in amounts and of a character ^ich depend upon the purification steps 
taken to recover human ^e 11 lL-1 R from the culture. These components ordinarily will be of yeast, prokaryotic 
or non-human higher eukaryotic origin and preferably are present In innocuous oontamlnant quantities, on tiie 
order of less than about 1. percent by weight Further, recombinant cell culture enables tiie production of type 
11 IL-1 R free of proteins which may be normally assoclatsd wdtii 1^ II IL-1R as It Is found In nature In its spades 
of origin, e.g. in cells, cell exudates or body fluids. 

Therapeutic Administration of Recombinant Soluble Type II IL-1R 

The present invention provides methods of using tiierapeutic compositions comprising an effective amount 
of soluble type II IL-1 R proteins and a suitable diluent and carrier, and metiiods for suppressing IL-1-dependent 
bromine responses in humans comprising administering an effiscQve amount of soluble type II IL-1R protein. 

For tiierapeutic use, purified sduble type II IL-1R protein Is administered to a patient, preferably a human, 
for treatment in a manner appropriate to tiie Indication. Thus, fbr example, soluble type 11 IL-1 R protein compo- 
sitions can be administered by bohis injection, continuous tnfuston, sustained release from implants, or otiier 
suitable technique. TypicaHy. a sduble type II IL-1R tiierapeutic agent wfll be administered in tiie fomi of a 
composition comprising purified protein in conjunction witti physldogically acceptable canriere, exdplents or 
diluents. Such carriers will be nontoxic to recipients at the dosages and concentrations employed. Ordinarily, 
tiie preparation of such compositions entails combining the type II IL-1R witii buffers, antioxidants such as 
ascori>to actd, low molecular w^ght (less than about 1 0 residues) pdypeptides, proteins, amino adds, carbohy- 
drates including glucose, sucrose or dextrine, chelating agents such as EDTA, glutatiikme and otiier stabilizefs 
and exdplents. Neutral buffered saline or saline mixed wItti conspedfic senim albumin are exemplary approp- 
riate dOuents. Preferably, product Is formulated as a lyophfllzate using appropriate excipient sdutions (e.g., suc- 
rose) as dOuents. Appropriate dosages can be determined In trials; generally, shulL-IR dosages of from about 
1 ng/kg/day to about 1 0 mg/kg/day. and more prefsrably fhvn about 500 ^g/l^day to about 5 mg/kg/day, are 
expected to Induce a btotogical effecL 

Because IL-1R-I and type II IL-1 R protons botti bind to IL-1 , sduble type II IL-1R proteins are expected to 
have slmHar, If not Identical, therapeutic activities. For example, sduble human type 11 IL-1 R can be adntinis- 
tered, for example, forthe purpose of suppressing Immune responses In a human. Avarie^of diseases or con- 
ditions are caised try an Immune response to altoantigen, hduding allografl rejection and graft-versus-host 
reaction. In aOoantig^nnduced immune responses, shuIL-IR suppresses lymphoprdiferation and inflam- 
mation which result upon activation of T cells. shulM R can tiierefore be used to effectively suppress alloan- 
tigen-induced immune responses in the (^nlcal treatment of, tor example, rejedion of allc^rafts (such as sk&n 
kidney, and heart transplante), and graft-^^us-host reactions In patiente who have received bone manrow 
transplants. 

Sduble human type II IL-1R can also be used In dlnlcal treatment of autoimmune dysfunctions, such as 
riieumatoid arthritis, diabetes and multiple sderosis, which are dependent upon tiie activation of T ceDs against 
antigens not recognized as being indigenous to the host 
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Tha foHowing examples are CfffiBred by way of illustratton, and not by way of limitation. 
EXAMPLES 
5 Example 1 

teoiation of cPNA Encoding Human Type II iL-1R by Direct Expression of Active Protein in CV>1/EBNA-1 
Cells 

10 A Radlolabellnq of rlMB. Recombinant human IL-1P was prepared by expression in £. co/7and purification 
to homogeneity as described by Kronheim et ai. (BioH'echnology 4.i078. 1986). The IL-ip was labeled with 
di-iodo ()2S|) Bdton-Hunterreagent (New England Nuclear, Glenolden, PA). Ten micrograms (0.57 nmd) of pro- 
tein in 10 uL of phosphate (0.015 mol/D-buffered saline (PBS; 0.15 mo!/L), pH 7.2, mbced with 10 uL of 
sodium borate (0.1 n)Ol/L)-buffered saline (0.15 mol/L), pH 8.5, and reacted with 1 mCi (0.23 nmd) of Bolton- 

15 Hunter reagent accoidtng to the manufocturer's instructions for 12 hours at 8''C. Subsequently, 30 uL of 2% 
gelatin and 5 uL of 1 moI/L glycine ethyl ester were added, and the protein was separated from unreacted Bol- 
ton-Hunter reagent on a 1 mL bed volume Blogel™ P6 column (Bio-Rad Laboratories, Richmond, O^. 
Routinely, 50% to 60% Incorporation of label was observed. Radioiodination yielded specific acUvfties in the 
range of 1 x 10« to 5 x 10^5 cpm/mmol-1 (0.4 to 2 atoms I per molecule protein), and sodium dodecyl sulfate- 

20 pdyacrylamide gel electrophoresis (SDS-PA6E) revealed a single labeled polypeptide of 1 7.5 kO, consistant 
~ with previously reported values for IL-1. The labeled prcAeIn was greater than 98% TCA predpifcable, indicating 
that the i25| was covalentiy bound to protein. 

B. Constwction and Screening of CB23 cPNA libranr. A CB23 libiaiy was ccmstructed and screened by 
direct expression of pooled cDNA clones in the monkey Iddney cell line CV-1/EBr4A-1 (wNch was derived by 

25 transfection of the CV-1 cell line with the gene encoding EBNA-1 , as described below) using a mammalian exp- 
ression vector (pDC406) that includes regulatory sequences from SV40, human immunod^dency virus (HIV), 
and Epstein-Barrvlnis (EBV).The CV-1^NA-1 ceil line constituUvely expresses EBV nuclear an^en-1 driven 
firom the human cytomegalovirus (CMV) immediate-early enhancer/promoter and therefore allows the episomal 
replication of expresston vectors such as pDC406 that contain the EBV origin of replication. The expression 

30 vector used was pDC406. a derivative of HAV-EO, described by Dower et al.. J. Immunol, 142:A^3U, 1989), 
which is in turn a derivative of pDC201 and allows h^h level expression in the CV-1/EBNA-1 cell line. pDC406 
dififiere from HAV-EO (Dower et al., sufira) by the deletion of the intron present in the adenovims 2 tripartite 
leader sequence bi HAV-EO (see description of pDCSOS below). 

The CB23 cDNA library was constructed by reverse transcriptton of poiy(A)^ mRI4A isolated from total RNA 

35 extracted from the human B cell lymphoblastoid tine CB23 (Benjamin & Dower, Blood 75.-2017, 1990) substan- 
tially as descnl)ed by Ausubel et al., ^s., Cumnt Protocols in Moloadarmology, Vol. 1, 1987. The CB23 cdl 
line is an EBV-transfbnned cord blood (OB) lymphocyte cell line, which was derived by using the methods des> 
cribed by Benjamin et al., Pioc Afatf. Acad Sd, USA 81*3547, 1984. PoIy(A)^ mRNA was isolated by d^o dT 
cellulose chromatography and double-stranded cDNA was made substantially as described by Gubler and 

40 Hoffman, Gene 25.-263, 1983. Briefly, the po!y(A}+ mRNA was converted to an RI^-cDNA hybrid with reverse 
transcriptase using random hexanudeotides as a primer. The RNA-cDNA hybrid was then converted into dou- 
ble-stranded cDNA using RNAase H In combination with DNA polymerase I. The resulting double stranded 
cDNA was blunt-ended with T4 DNA polymerase. The fdlowing two unkinased oligonudeotides woe annealed 
and blunt end ligated with DNA Itgase to the ends of the resulting blunt-ended cDNA as described by H^ymerie, 

45 et al., Nudeaic Adds Researdt, 14: 8615, 1986. 

SEQ ID N0:3 5'- TCG ACT GGA ACG AGA CGA CCT GCT -3' 



SBQ ID N0:4 3»- GA CCT TGC TCT GCT GGA CGA -5' 

<Sall> 



In this case only the 24-mer dlgo wQl Ifgate onto the cDNA The non-1 igated oiigos were removed by gel filtration 
chromatography at 68^ leaving 24 nudeotide non^tf-complementary overiiangs on the cDNA The same 
55 procedure was used to convert the 5' ends of SafAcut mammalian expresston vector pDC406 to 24 nudeotide 
overhangs complementary to those added to the cDNA Optimal proportions of adapfcored vector and cDNA 
were ligated in tiie presence of T4 pdynudeotide kinase. Dialyzed ligation mbctures were eledroporated into 
E oo/r strain DH5€u Approximately 3.9 x 10^ dones were generated and plated in pools of approximately 3,000. 
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A sample of each pod was used to prepare frozen glycerol stocks and a sample was used to obtabi a pool of 
plasmid DNA. 

The pooled DMA was then used to transfect a sub-confluent layer of monkey CV-1/EBNA-1 cells using 
DEAE-dextran followed by chloroqulne treatment, similar to that described by Luthman et aL, Nud. Aa'ds Rbs. 

6 f 1-1295 (1983) and McCutchan et al., JJiatl. Cancer InsL 41*351 (1986). CV-1/EBNA-1 cells were derived as 
foDows. The CV-1/EBNA-1 cell line constitutively expresses EBV nudear antigen-1 driven from the CMV Im- 
medlate-eariy enhancer/promoter. The African Green Monkey kWney cell line, CV-1 (ATCC CCL 70, was cot- 
ransfected with 5 ^g of pSV2gpt (Mulligan & Berg, Proc NafL Acad. Sd. USA Z&^Ora, 1981) and 25 ug of 
PDC303/EBNA-1 using a calcium phosphate copredpltation technique (Ausubel et al., eds.. Currant Protocols 

10 In Molecular Biology, Wiley, New Yoric. 1987). pDC303/EBNA-1 was constructed from pDC302 (Mosley et al.. 
Ceil 59:335, 1 989) In two steps. First, the intron present In the adenovlnis tripartite leadersequence was deleted 
by replacing a Pvull to Seal fragment spanning the Intron with the following synthetic oltgonudeotide pair to 
create plasmid pDC303: 

SEQ ID NO: 5 5 • K:T6TTGGGCTCGa3GTTGAGGACAAACTCTTCGCGGTCTMCCAGT-3 • 



Second, a Hlndlll-Ahall restriction fragment encoding Epsteln-Barr virus nudear antigen I (EBNA-1). and con- 

20 ^ting essentially of EBV coordinates 107,932 to 109,894(Baeretal., Nature 31 0:207, 1984), was then Inserted 
into the multiple doning site of pDC303 to create the plasmid pDC303/EBNA-1. The transfected cells were 
grown In the presence of hypoxanthlne, aminopterin. thymidone, xanthine, and myoophenoOcadd according to 
standard methods (Ausubel et al., supra; Mulligan & Berg, supra) to select for the cells that had stably incor- 
porated the transfected plasmlds. The resulting drug resistant colonies were isolated and expanded Individually 

25 Into cell lines for analysis. The cell lines were screened for the expression of functional EBNA-1 . One cell Wxta, 
done 68, was found to express EBNArl using this assay, and was designated CV-1/EBNA>1. 

In order to transfect the CV-1/EBNA-1 cells vmt the cDNA libraiy, the cells were nmlntafned in complete 
medium (Dulbecco's modified Eagle's media (DMEM) conteining 1 0% (vAv) fetal calf serum (PCS), 50 UAnl peni- 
cillin, 50 U/ml streptomydn, 2 mM L-glutamine) and were plated at a density of 2 x 10^ cellsAwell in either 6 

30 well dishes (Falcon) or single well chamber»j slides (Lab-Tek). Both dtehes and slides were pretreated with 1 
mi human fibronectin (10 ugAnl in PBS) for 30 minutes followed by 1 wash with PBS. Media was removed from 
the adherent cell layer and replaced with 1 .5 ml complete medium contelnbig 66.6 iiM chloroqulne sulfate. 0.2 
rrds of DMA sdution (2 ^g DNA, 0.5 mg/ml DEAE-dextran in complete medium containing chloroqulne) was 
fhen added to the cells and incubated for 5 hours. Following the incubation, the media was removed and the 

35 cells shocked by addition of complete medium conteining 1 0% DMSO for 2.5 to 20 minutes fdlowed by rep- 
lacement of the solutidh with fresh complete medium. The ceils were grown in culture to permit transient exp- 
res^on ci the inserted sequences. These condittons led to an 80% transfectton frequency in surviving 
CV-1/EBNA-1 cells. 

After 48 to 72 hours, transfiected monolayers of CV-1/EBNA cells were assayed for ex(ffession of IL-1 bind- 

40 ing proteins by binding radtolodinat IL-ip prepared as described above by sikfe autoradiography. Transfected 
CV-iyEBNA-1 cells were washed once with binding medium (RPMI medum 1640 containing 25 n^ml bovine 
seium albumin (BSA), 2 mg/m! sodium adds, 20 mM HEPES, pH 7.2, and 50 mg/ml nonfat dry mUk (NFDM)) 
and Incubated for 2 hours at 4*C with 1 ml binding medium + NFDM conteinii^ 3 x 1 0-® M ^25HL-1p. After incu- 
bation, cells in the chambered slides vi&e washed three times with binding buffer * NFDM, followed by 2 

4S washes with PBS, pH 7.3, to remove unbcumd ^ML-ip. The cells were fixed by incubating fdr 30 minutes at 
room temperature in 10% glutaraldehyde in PBS, pH 7.3, washed twfce in PBS, and air dried. The slides were 
dipped In Kodak GTNB-2 photographic emulsion (6xdnution in water) and exposed in the dark for 48 hours to 
7 days at 4*»C in a light proof box. The sikfes were then developed for approximately 5 minutes in Kodak D19 
developer (40 g/500 ml water), rinsed In water and fixed in Agfa G433C fixer. The sPides were indhfidua&y 

50 fficamlned with a microscope at 2&4Qx magnification and positive cells expressing type II IL-1 R were identified 
by the presence of autoradbgraphic silver grains against a Gght background. 

Ceils in the 6 well plates were washed once with binding buffer * NFDM followed by 3 washing with PBS, 
pH 7.3, to remove unbound ^^h\lr1p. The bound ceils were fhen trypsbiized to remove them from the plate 
and bound i^q-IL-ip were counted on a bete counter. 

55 Using the slide autoradiography approach, approximately 250,000 cDNAs were screened in pools of 
approximately 3,000 cDNAs untfl assay of one transfectant pod showed multiple cells deariy positive for lL-1 p 
binding. This pod was then partittoned into pods of 500 and again screened by slide autoradiography and a 
po^tive pod was kienfffied. This pod was further partitioned Into pods of 75, plated in Swell plates and 
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SEQ ID N0:6 



3'-GAC&ACCC6A( 




1-5" 
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scredned by plate binding assays analyzed by quantitation of bound ^25|.(L.ip. The cells were scraped off the 
plates and counted to detennlne which pool of 75 was positive. Individual colonies from this pool of 75 were 
screened until a single done (done 75) was identified which directed synthesis of a suifece protein with detect- 
atde IL-ip binding activity. This done was isolated, and its insert was sequenced to determine the sequence 
S of the human type IT IL-1 RcDNAdone 75. The pDC406 doning vector containing the human type II IL-1 R cDNA 
done 75, designated pHulL-1 R-ll 75, was deposited with the American Type Culture Collection, Rockville, MD, 
USA (ATCC) On June 5, 1990 under accession number CRL 10478. The Sequence Listing setting forth the 
nudeoflde (SEQ ID No:1) and predicted amino add sequences of done 75 (SEQ ID No:1 and SEQ ID N02) 
and associated information appears at the end of the speclficafa'on immediately prior to the claims. 

10 

E3campl0 2 

Constructton and Expression ofcDNAs Encoding Human Sduble Type II IL-1R 

15 A cDNA encoding a soluble human type II IL-1 R (having the sequence of amino adds -1 3-333 of SEQ ID 
N0:1) was constructed by polymerase chain reaction (PCR) amplificafion using the lull length type 11 IL-1R 
cDNA done 75 (SEQ ID N0:1) in the.vector pDC406 as a template. The fbilowing 5' oligonudeotide primer 
^EQ ID N0:7) and 3' oligonudeotide primer (SEQ ID N0:8) were first constructed: 

^ SEQ ID NO: 7 5 » -GCGTCGACCTAGTG&CGCTCAXACAAATC-3 » 

<SalI> 



25 SEQ ID NO: 8 S ' -GCGCGGCCGCTCA06AGGAGGCTTCCTTGAC!rG--3 * 

<-Notlr>End\1191 \1172 

The 5' primer corresponds to nudeotides 31-51 firom the untranslated region of human type II IL-1R done 75 
(SEQ ID N0:1) with a 5' add-on of a Sail restrictbn site; this nudeotide sequence is capable of annealing to 

30 the (-) strand complementary to nudeotides 31 -51 of human done 75. The 3' primer is complementary to nuc- 
leotides 1 1 91-1 172 (which Indudes anti-sense nudeotides encoding 3 amino adds of human type U IL-I R done 
75 (SEQ ID N0:1) and has a 5' add-on of a Not! restriction site and a stop oodon. 

The fbllowir^ PCR reagents were added to a 1.5 ml Eppendorf microfuge tube: 10 |ii of 10X PCR bufrer 
(500 mM Ka. 100 mM Tris-Ha, pH 8.3 at aS'^C, 15 mM MgCia, and 1 mg/n^ gelatin) (Pericin-Bmer Cetus, Nor- 

35 walk, CN), 10 III of a 2mM sdution containing each dNTP (2 mM dATP, 2 mM dCTP. 2 mM dGTP and 2 mM 
dTTP), 2.5 units (0.5 )il of standard 5000 units/mi sdution) of Taq DNA polymerase (Peridn-EImer Cetus), 50 
ng of template DNAand 5)il of a 20 ^M solution of each of ttie above digonudeotUe primers and 745 jil water 
to a final volume of 100 |il. The final mbdure was then overiaid wiflt 100 \i\ parafRn oil. PCR was carried out 
i^ing a DNA tiiennal cyder (Eric(»np, San Diego, CA) by initially denahiring tiie template at 94^ for 90 seconds, 

40 reannealing at 55"" for 75 seconds and extending ttie cDNA at 72"* for 150 seconds. PCR was cairied out for 
an additional 20 cydes of amplification using a step program (denaturation at 94^, 25 sec; annealing at 55^. 
45 sec; extension at 72<*, 150 sec.), followed by a 5 minute extension at 72^. 

The sample was removed firom the paraffin oH and DNA retracted by phenolchlorofonn extractkin and spun 
column chromatography over 6-50,(Boehrlnger Mannheim). A 1 0 pi aliquot of the extracted DNA was separated 

45 by elecaophoresis on 1% SeaKem™ agarose (FMC BloProducts. Rockland. ME} and stained witit etiiidium 
bronryde to confirm ttiat ttie DNA firagment size was consistent witti tiie predicted product 

20 pl of tiie PCR-ampIffied cDNA products were titen digested witti Sail and NotI restriction enzymes using 
^ndard procedures. The Sall/Nott restriction fragment was then separated on a 1 J2% Seaplaque^ low gelling 
temperature (LGT) agarose, and the band representing the fragment was isdated. The fragment was ligated 

50 into ttie pDC406 vector by a standard *in gel" ligation mettiod, and ttie vector was transfected into CV1-EBNA 
cells and expressed as described above in Example 1. 

Example 3 

55 isolation OfcDNAs Encoding Murine Type 11 IL-1R 

Murine type II IL-1 R cDNAs were isolated from a cDNA library made from the murine pre-B cell line 70273 
(ATCC TIB 158), by cross spedes hybridization wttti a human Type II IL-1R proba A cDNA library was oon- 
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structed in a X phage vector using XgtIO amis and packaged In vitro (Glgapack©, Stratagene, San Diego) 
according to the nranufacturer's instructions, A double-stranded human Type I! IL-1R probe was produced by 
excising an approximately 1 .35 kb Sail restricSon fragment of the human type II IL-1 R done 75 and 32P-labelllng 
the cDNA using random primers (Boehringer-Mannheim). The murine cDNA library was ampliRed once and a 
total of 5x105 plaques were screened vwlh the human probe in 35% fonmamlde (5xSSC, 42^). Several murine 
type II IM R cDNA clones (indudtny done X2} were isolated; however, none of the dones appeared to be full- 
length. Nudeotide sequence information obtained firom the partial dones was used to done a full-length murine 
type II IL-1R cDNA as fbliows. 

A full-length cDNA done encoding murine type II IL-1R was isolated by the method of Rapid Amplification 
of cDNA Ends (RACE) described by Frohman etal.. Proc. NaU. Acad, Sd. USA 85:8998, 1988, using RNAfrom 
the murine pre-B cell line 70Z/3, Briefly, the RACE method uses PGR to amplify copies of a region <rf cDNA 
between a known point in the cDNA transcript (determined from nudeotide sequence obtained as described 
above) and the 3' end. An adaptor-primer having a sequence containing 17 dT base pairs and an adaptor sequ- 
ence containing three endonudease recognition sites (to place convenient restriction sites at the 3' end of the 
cDNA) is used to reverse transcribe a population of mRNA and produce (-) strand cDlSiA. A primer complemen- 
tary to a known stretch of sequence In the 5' untranslated region of the murine type li IL-1 Redone 2 cDNA, 
described above, and oriented In the 3' direction is annealed with the (-) strand cDNA and extended to generate 
a complementary (+) strand cDNA. The resulting double^trand cDNA is amplified by PGR using primere that 
anneal to the natural S'-end and synthetic 3'-end pdy(A) tafl. Details of the RAGE procedure are as fdlows. 

The following PGR djgonudeotide primers (d(T)i7 adaptor-primer. 5' ampimcatlon primer and 3' amplif(. 
cation primer, respecth^ely) were first constmcted: -r-* 



SEQ ID NO: 9 5 » -CTGCAGGCGGCCGCGGaTCC (T) x7-3 • 

<PstIX-Notl-XBaniHl> 



SEQ ID NO: 10 5 * -GCGTCGACG6C&AG2VAGCAGCAft66TAC-3 ' ' 

<SalI>\15 \34 



SBQ ID NO: 11 5'-CTGC&GGCGGCCGCGGArCC-3' 

<P3tIX-NotI-XBaaiHI> 

Briefly, the d(T)i7 adapter-primer (SEQ ID N0:9) contains nudeotide sequence annesds to the poly(Ayi- region 
of a population mRNA transcripts and Is used to generated (-) strand cDNA reverse transcripts from mRNA; it 
also contains endonudease re^cbon sites fbr PstI, NotI and BamHI to be Introduced into the DNA being 
amplified by PGR. The S' amplification primer (SEQ ID NO:10) corresponds to nudeotides 15-34 from the 5* 
untranslated region of murine type II IL-1R done X2 with a 5* add-on of a Sail restriction site; this nudeotide 
sequence anneals to the (-) strand cDNA generated by reverse transcriptton with the d(r)i7 adaptor-primer and 
is extended to generate (+) strand cDNA. The 3' primer (SEQ ID Nai 1) anneals to the (+) strand DNA having 
the above endonudease restrictfon sRes and is extended to generate a double-stranded fuQ-length cDNA 
encoding murine type II IL-1R, which can then be amplified by a standard PGR reacfion. DeteDs of the PGR 
procedure are as follows. 

Poly(A)^ mRNA was isolated by oligo dT c^lulose chromatography firm total RNA extracted ftom 70Z/3 
cells using standard methods described by Maniatis et al., Mo!ecu!araoning:A Laboratory Manual (Cd6 Spring 
Harbor Lab., Gold Spring Hartjor, NY. 1982) and reverse transcribed as foBows. Approxnnalely 1 jig of pdy(A}^ 
n^^NA in 16.5 pi of water was heated at 68^G for 3 minutes and then quendied on ice, and added to 2 pi of 
10X RTG buffer (500 mM Trfs-Ha. pH 8.7 at 22'C, 60 mM MgGI2, 400 mM KQ. 10 mM DTT, each dNTP at 
10 mM), 10 unite of RNasIn (Promega Biotech), 0.5 pg of d(T)t7-adapter primer and 10 ur^ of AMV reverse 
transcriptase (Ufe Sdences) in a total volume of 20 pi, and incubated for a period of 2 houre at 42*G to reverse 
transcribe the mRNA A and synthesize a pod of d)NA. The reaction mbdure was diluted to 1 ml with TE buffer 
(10 mM Tris-Ha, pH 7.5, 1 mM EDTA) and stored at 4'G ovem^hL 

Apprajdmatdy 1 or 5 pi of the cDNA pool was combined with 5 pi <rf a 20 pM solution of the 5* amplification 
primer, contabiing sequence ooirespomfing to the sequence of nudeotides 15-34 of murine type II IL-1R done 
X2, 5 pi of a 20 pM sdution of the 3' amplification primer, 1 0 pi of 1 0X PGR buffier (500 mM KQ, 1 00 mM Tris-HQ 
(pH 8.4, 20*0), 14 mM MgG^ and 1 n^Anl gelatin), 4 pl of 5mM each dNTP (conteining 5 mM dATP, 5mM 
dCTP, 5vnM dGTP and 5mM dTTP), 2S unite (0.5 pl (tf standard 5000 unitsAnI sdution) of Taq DNA polymerase 
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perkin-Bmer Getus Instruments), dQuted to a volume of 100 ^1. The final mixture was then overlaid with 100 
Ml pevaff^ off. PGR was canled out using a DMA themnal cyder (Peikln-Bmer/Cetus) by initially denaturing the 
template at 94"* for 90 seconds, reannealtng at 64'' for 75 seconds and extending the cDNA at 72" for 1 50 sec- 
onds. PCRwas cairied outfor an addftional 25 cycles of ampliftcation using the following step program (denatu- 
6 ration aL94* fioc 25 sec; annealing at 55^ fn- 45 sec: extension at 72^ for 150 sea), followed try a 7 minute final 
extenstofi af 72^. 

The sampfewas removed from the parafRn oQ and DMA extracted by phenol-chlorofonn extraction and spun 
column chromatography overG-50 (Boehringer Mannheim). A 1 0 |xl aliquot of the extracted DMA was separated 
by electrophoresis on 1% SeaKem™ agarose (FMC BioProducts. Rockland, ME) and stained witii ethidium 
10 bromide to confirm that the DMA fragment stee was consistent with the predicted product The gel was then 
blotted and prcdied with a 5' 61 Qbp EcoRI fragment of murine type II IL-1R done X2 from above to confirm that 
the band contemned DNA encoding murine type 11 IL-1R. 

The PCR-amplHfed cDNA^oducts were then concentrated by centrffiigation in an Eppendwf mlcrofoge 
at foil speed for20 nyn., follow^ by ethand precipitation in 1/10 volume sodium acetate (3 M) and 2.5 volume 
IS ethanol. 30 pi of the oonoentrate was digested with Sail and Nod restriction enzymes using standard proced- 
ures; The Ssdt/Notl restrfctlon fragment was then separated on a 1 .2% LOT agarose gel, and the band repre- 
senting the fragmeiTt was IsofatBd., The restriction fragments were then purified from the agarose using 
GeneCleanw (Bio-IOf . La JdBa» CA). 

The resulting purifted restriction fragment was ligated into tiie pDC406 vector, whidi was then transfected 
20 into CV1 -EBNA ceDs and expressed as described above in Example 1 . 

The Sequen ce Usting s^tbigforti) the nudeotide (SEQ ID No: 12) and predicted amino add sequences 
(SEQ ID No:12 and SEQ lO I40c13) and associated Infonnation appears at tiie end of the spedlication 
immediately prior to the dalms. 

25 Exanyile 4 

Constniction and Expresafort of cDNAs Encoding Murine Sdubie Type H iL-1R 

A cDI^ encoding soluble murine type II IL-1R (having the sequence of amino adds -13-345 of SEQ ID 
30 NO:12) was constructed by PCR amplification 70Z/3 pdy(A)^ mRNA as a template and tiie fdlowing procedure 
as descn'bed for the M lei^done encoding murine type 11 IL-1 R. The fdlowing PCR digonudeotide primers 
(d(T)i7 adaptor-primer. 5' amplification primer and 3' amplification primer, respectively) were constructed: 



35 SEQ ID Nas9 5'-CTGCAGGCGGCCGCGGATCC<T)i7«-3' 

<Pstlx-Notl-XBamHI> 



SEQ ID NO: 10 5*-GCGrCGACGGCAAGAAGCAGC&AG6TAC«3' 

<SalI>\15 \34 

40 

SEQ ID K0:14 5 » -GCGCGGCCGCCTAGGAAGAGACTTCTTTGACTGTGG-3 * 

<~NotI~>EndSerSerValGluLysVaiThrThr 

4B 

The d(T)fr adaptor-primer and 5' amplication primer are identical wtth SEQ ID N0:9 and SEQ ID NO:10. des- 
cribed In Examples. The 3' end of SEQ ID N0:12 is complementary to nudeotides 1145-1168 of SEQ ID N0:12 
and has a 9BdAm of a Nott restriction site and a stop oodon. 

A pod of cDNA was syntiiesized from pdyCA)*^ mRNA using the d{T)t7 adaptor-primer as described in 

so Example 3. Toa 1.5 ml Eppendorf mlcrofoge tube was added approximately 1 ^1 of the cDNA pod, 5 fil of a 
20 |tM sohitiattcf the 5^ ampincation printer, 5 pi of a 20 pM sdution of the 3' amplification prnner, 10 pL of 
lOX PCRbuffiarpoO mM KO, 100 mM Tris4ia {pH 8.4 at 20«C), 14 mM MgOa. and 1 mgAnl gelatin). 4 jil of 
6mM eachof<fl«nP (containing 5 mM dATP, 5mM dCTP, 6mM dGTP and 5mM dTTP), 2.5 units (0.5 pi of stan- 
daref 5000 tsitsM solution) of Taq DNA pdymerase (Peridn-Elmer Cetus Instruments), diluted witii 75.4 pi 

65 water to a vdume of 100 pi. The final mixtore was then overiaid witti 100 pi paraffin oD. PCR was carried out 
using a DNAtbeimal cyder (Erioomp) by Inftlally denaturing the template at 94'' fbr 90 seconds, reannealing 
at for 75 seconds and extending the d)NA at 72*^ for 1 50 seconds. PCR was carried out for an additional 
20 cycles of amplffication using the foOowing step program (denaturation at 94^ for 25 sec; annealing at 55° 
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for 45 sec; extension at 72^ for 150 sea), followed by a 7 nfiinute final extension at 72^. 

The sample was removed from the paraffin oQ and DMA extracted by phenol-chlorofbrm extraction and spun 
column chromatography over 6-50 (Boehringer Mannheim). A 10pl allquotofthe extracted DMA was separated 
by electrophoresis on 1%SeaKem™ agarose (JPUC BloProducts, IRocldand, ME) and stained with ethidhim 
5 bromide to confirm that the DNA fragment size was consistent with the predicted product 

The PCR-amplified cDNA products were then concentrated by centrifugation in an Eppendorf microfuge 
at full speed for 20 min., followed by ethanol precipitation in 1/1 0 volume sodium acetate (3 M) and 2.5 volume 
ethanoL 50 yl was digested with Sail and NotI restriction enzymes using standard procedures. The Sail/Noti 
restriction firagment was then separated on a 1.2% Seaplaque LGT agarose gel» and the band representing 
10 the fragment was Isolated. The restriction fragment was then purified from the isolated band using the following 
fireezeAthaw method. The band fiom the gel was split into two 175 |tl fragments and placed into two 1 ^ nnl Eppen- 
dorf microfuge tubes. 500 |il of isolation buffer (0.15 M NaCI, 10 mM Tris. pH 8.0, 1mM EDTA) was added to 
each tube and tiie tubes heated to es^'C to melt tiie gel. The gels were tiien frozen on dry ice for 10 minutes, 
ttiawed at room temperature and centrHuged at 4^C for 30 minutes. Supematants were then removed and 
IS placed in a new tube, suspended In 2 ml etiianol, and centrifoged at 4X for an additional 30 minutes to form 
a DNA pellet The DNA pellet was washed witti 70% etiiand, centrtfoged for 5 minutes, removed from the tube 
and resuspended in 20 ^ TE buffer. 

The resulting purified restriction fragments were then iigated Into tiie pDC406 vector. A sample of tite liga- 
tion was transfomned into DH5a and colonies were analyzed to chedcfor correct plasmids. The vector was ttien 
20 transfocted Into COS-7 ceils and expressed as described above in Example 1. 

Examples 

Type ii IL-1R Binding Studies 

25 

The binding inhibition constant of recombinant human type il IL-1R, expressed and purified as described 
in Example 1 above, was determined by inhibition binding assays in whtoh varying concentrations of a earth 
petitor (1L-1P or iL-1 a) was incubated witii a constant amount of radiolabeled IL-I p or IL-1 a and cells expressing 
ttie type 11 IL-1 R. The competitor binds to ttie receptor and prevents tiie radiolabeled l^and from binding to ttie 

30 receptor. Binding assays were performed by a phtiialate on separation metiiod essentially as describe by Dower 
et al., J. ImmunoL f 32*751, 1 984 and Paric et at., J. Biol. Cham. 26^.4177. 1986. Bri^y, CVI/EBNA cells were 
incubated in sbc-well plates (Costar, Cambridge. MA) at 4«Cfor 2 hours vmt i»l-IL-1p in 1 m! binding medium 
(Roswell Paric Memorial Institute (RPMI) 1840 medium containing 2% BSA, 20 mM Hepes buffer, and 0.2% 
sodium azide, pH 7.2). Sodium azide was included to inhibit intemalization and d^radation of ^25|.il.i ceils 

as at 37'*C. The plates were Incubated on a gyratory shalcerfor 1 hour at 37''C. Replicate aJiquots of ttie incubation 
mbdure were tiien transferred to polyetiiylene centrifoge tubes contain'mg a phttialate on nuxture comprising 
1.5 parts dibu^phtiralate, to 1 part bis(s-etiiylhexyl)phthsdate. Control tubes containing a 100X molar excess 
of unlabeled IL-ip were also included to determine non-specific binding. The cells witii bound ^^IL-I were 
separated from unbound ^^AL-^ by centrifugation for 5 minutes at 15,000X g in an Eppendorf Microfuge. The 

40 radioactivity associated witii tiie ceUs was tiien determined on a gamma counter. This assay (using unlabeled 
human IL-lp as a competitor to inhibit binding of i25|.|L-1p to type 11 IL-1R) indicated tiiat ttie foil lengtii human 
type II IL-1R exhibits biphasic binding to IL*1p witii a Kn (^approximately 19t8 x 10^ and K12 of approxln^ly 
0.2±0.002 X 10^. Using unlabeled human IL-lp to inhibit binding of ^IL-1a to type II IL-1R, ttie foil lengtii 
human type II 1L-1R exhibited biphasic binding to IL-ip witii a Kj| of approximately 2.Qt1 x 10^ and K|2 of 

45 approximately 0.013±0.003x10d. 

The binding inhibition constant of the soluble human type II 1L-1R, expressed and purified as d^cribed in 
Example 2 above, determined by a inhibition binding assay in v^ch varying concentrations of an IL-ip com- 
petitor is incubated witii a constant anKtunt of radlolabded l-IL-ip and CB23 cells (an Epstein Barr vims trai^ 
fonmed cord blood B lymphocyte cell line) expresa'ng ttie ^e H IL-1R. Bindnig assays were dso perfom^d 

so by a phttialate oil separation m^od essentially as describe by Dower et al., J. Immunol. 132.-751 , 1984 and 
Parte et al., J. Biol. Chem, 26t:4177, 1986. Briefly, COS-7 cells were transfected witii ttie expression vector 
pDC406 containing a d}NA erexKfing the soluble human type 11 IL-1 R d^cribed above. Supematante from ttie 
COS cells were harvests 3 days after transfection and ser^ diluted In binding medium (Roswell Paric Memo- 
rial Institute (RPMI) 1840 medium oonteining 2% BSA, 20 mM Hepes buffeTt and 0.2% sodhim azide, pH 7.2) 

55 in 6 well plates to a volume of 50 ^i/well. The supematants were Incubated witti 50 pi of 9x1 0-^^ M ^^^-ip 
plus 2.5x1 0^ C623 cells at S^'C for 2 hours wKh agitetion. Duplicate 60 ^1 allquots of ttie incubation mbdure were 
then transferred to polyethylene centrifoge tut^es containing a phthalate oil mbdure comprising 1.5 parts 
dibutylphtiialate, to 1 part bte(s-etiiylhexyl)phttialate. A negative control tube containing 3x10-« M unlabeled 
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IL-ip was also included to determine non^pedfic binding (100% inhibition) and a positive control tube con- 
taining 50 ml binding medium with only radiolabeled ILr1p was included to determine maximum binding. The 
cells with bound ^^L-ip were separated from unbound i^l-IL-1p by cenbifiigation for 5 minutes at 15,000 X 
g in an Eppendorf Microfuge. Supematants containing unbound ^25|.|L-ip were discarded and the cells were 

5 carefully rinsed with ice-cold binding medium. The ceils were then incubated in 1 m! of trypsin-EDTA at 37X 
for 1 5 minutes and cells were harvested. The radioactivifyof the cells was then determined on a gamma counter. 
This inhibition binding assay (using soluble human type li IL-1R to Inhibit binding of IL-ip) indicated that the 
soluble human type 11 IL-1R has a K| of approximately 3.5 x 10^ M-i. inhibition of IL-1a binding by soluble human 
type 11 IL-1R using the same procedure indicated that soluble human type II IL-1R has a K| of 1<4 x 10^ M-^ 

10 Murine type II IL-1 R exhibits biphasic binding to IL-ip with a Kn of 0.8 x 10^ and a Kt2 of less then 0.01 x 
W. 

Example 6 

IS Type II IU1R Affinity Oosslinkinp Studies 

Affinity crosslinking ^dles were perfomrted essentially as described by Park et al., Proc. Nat!. Acad. Sd. 
USA 84n669, 1987. Recombinant human IL- la and IL-ip used In the assays were expressed, purified and 
labeled as descn*bed previously (Dower etal., J. Exp. Med. f 62:501. 1985; Dower etal.. Nature 324.-266, 1986). 

20 Recombinant human IL-1 receptor antagonist (IL-Ira) was cloned using the cDNA sequence published 
Ei^nberg et al.. Nature 343:341 , 1 990, expressed by transient faransfectlon in COS ceDs, and purified by affinHy 
chrom a tography on a column of soluble human type 1 IL-1R coupled to srfftgel, as described by Dower et al., 
J. Immunol. f43;4314, 1989, and eluted at low pH. 

Briefly, CVITEBNA cells (4 x lO^/mi) expressing recombinant type II IL-1 R were incubated with ^^l-iL-la 

25 <xri25HL-1p(1 nM) at4**C in the presence and absence of 1 pMexcess of unlabeled IL-1 as a specificity control 
fbr 2 hours. The cells were then washed and bis(sulfosuccinimidyl)suberate was added to a final concentration 
of 0.1 mg/ml. After 30 min. at 25^C, the cells were washed and resuspended in 100 pi of phosphate-buffered 
saline (PBS)/1% Triton containing 2 mM leupeptin, 2 rcM o-phenanthroline, and 2 mM EGTA to prevent pro- 
teolysis. Aiiquots of the extract supematants containing equal amounts (CPM) of ^^q-iL-l and equal volumes 

30 of the spedfidly controls, were analyzed by SDS/PA6E on a 1 0% gel using standard techniques. 

Figure 4 shows the results of affinity crosslinking studies conducted as described above, using radiolabeled 
IL-1 a and IL-lp, to compare the sizes of the recombinant murine and human type II IL-1 receptor proteins to 
their natural counterparts, and to natural and recombinant murine and human type I IL-1 receptors. In general, 
the sizes of the transiently-expressed recombinant receptors are similar to the natural receptors, although the 

35 recombinant proteins migrate slightly faster and as slightly broader bands, possibly as a result of differences 
in glycosylation patter when over-expressed in CV1/EBNA ceils. The results also indicate that the type II IL-I 
receptors are smaller than the type I IL-1 receptors. One particular combination (natural human type I receptor 
with IL-lp) failed to yield specific crosslinking products. Since approximately equal amounts of label were 
loaded into each experimental lane, as Indicated by the intensity of the free ligand bands at the bottom of the 

40 gels, this combinatton must crosslink relatively pooriy. 

The lane showing natural human type II IL-1 receptor-bearing cells cross-linked with ^ML-la reveals a 
component in the size range (M,^1 00,000) of complexes witti natural and recombinant type I receptors. No such 
oomjdex can be detected In the lane containing recombinant fype II IL-1 receptor, poss&ly as a result of low 
level expression of type 1 IL-1 receptors on the CB23 cells, sfrice these cells contain trace amounts of type I 

45 IL-1 receptor mRNA. 

Example? 

Preparation of Monoclonal Antibodies to Type II IL-1 R 

BO 

Preparations of purified recombinant type II IL-1R. fbr example, human type II IL-1R, or transfected COS 
cells expressing high levels of type II IL-1R are employed to generate monoclonal antibodies against type II 
IL-1 R u^ng conventional technhiues. for example, tiiose disctosed in U.S. Patent 4.41 1,993. Such antibodies 
are nkely to be useful in interfering with IL-1 binding to type 11 lL-1 R, for example, in ameliorating toxic or otiier 
65 undeslred effe^ of IL-1, or as components of diagnostic or r^arch assays for IL-1 or solubie type II IL-1R. 

To immunize mice, type II IL-1R immunogen Is emulsified in complete Freund's adjuvant and injected In 
amounts ranging from 10-100 pg subcutaneously and interaperitoneally into Balb/c mice. Ten to twdve days 
later, the immunfa^d animals are boosted witii addftional immunogen emulsified in incomplete Freuntfs adjuv- 
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ant and pertodically boostad thereafter on a weekly to bnve^y Immunization schedule. Serum samples are 
periodically taken by retno-orbital bleeding or tail-tip excision for testing by dot-blot assay (antibody sandv\n*ch) 
or EUSA (enzyme-linked immunosorbent assay), or receptor binding inhibition. Other assay procedures are 
also suitable. Following detection of an appropriate antibody titer, positive animals are given an Intravenoi^ 
injection of antigen in saline. Three to four days later, the animals are sacrificed, splenocytes harvested, and 
fused to the murine myxoma cell line NS1 or Ag8.653. Hybridoma ceH lines generated by this procedure are 
plated In multiple microtiter plates in a HAT selective medium (hypoxanthlne, aminopterin, and thymMlne) to 
inhibit pn^iferation of non-fused cells, myeloma hybrids, and spleen cell hybrids. 

Hybridoma dones thus generated can be screened by EUSA for reactivity with type II IL-1R, fbr example, 
by adaptations of the techniques disclosed by Engvall et al., Inmunochem. 5:871 (1971) and In U.S. Patent 
4,703,004. Positive clones are then injected into the peritoneal cavities of syngeneic Balb/c mice to produce 
ascites containing h'^h concentrations (>1 mg/mi) of anti-type II IL-1R monoclonal antibody, or grown in flasks 
or roller bottles. The resulting monoclonal antibody can be purified by ammonium sulfate precipitation followed 
by gel exclusion chromatography, and/or affinity chromatography based on binding of antibody to Protein A of 
Sf^ytococceis aureus or protein G firom Sfreptococd. 

BRIEF DESCRIPTION OF THE SEQUENCE USTINQ 

SEQ ID N0:1 and SEQ ID N0:2 show the nucleotide sequence and predicted amino add sequence of 
human type II IL-1R. The mature peptide encoded by tfiis sequence is defined by amino adds 1-385. The pre- 
dicted signal peptide is defined by amino adds -13 tiuough -1. The predicted transmembrane region is defined 
by amino adds 331-356. 

SEQID N0:3*SEQ ID Na6 are various ollgonudeotides used to done the fulWength human type II IL-1R. 

SEQ ID N0:7 and SEQ ID N0:8 are ollgonudeotide primers used to constnict a sduble human type II IL-1 R 
by polymerase chain reaction (PGR). 

SEQ ID NO:9 - SEQ ID N0:1 1 are digonudeotide primere used to done a fulNength and soluble murine 
type II IL-IRs. 

SEQ ID N0:12 and SEQ ID N0:13 show tiie nudeotide sequence and predicted amino add sequence of 
the fuiMength murine type II IL-1R. The mature peptide encoded by tills sequence Is defined by amino adds 
1-397. The predicted signal peptide is defined by amino adds -13 tiirough -1. The predteted transmembrane 
region is defined by amino acids 343-36& 

SEQ ID NO:14 Is an oli^onudeotide primer used to construct a soluble murine type II IL-1R. 
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SSQUSMCS LIS7ZKG 



(1) GEKERAL INFOSHftTION: 

(i) APPLICANT: Immunex Corporation 



(ii) TITLE OF INVENTION: Type 11 IarerleuJcin-1 Receptors 
Ciii) NOHBER OF SEQDENCSS: 14 



C2) INFORMATION FOR SSQ ID N0:1: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1357 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDSDNESS: double 

(D) TOPOLOGT: linear 

(ii) MOLECULE TYPS: cONA to mRNA 

(iii) ETPOTHETICAL: N 

(iv> ANTI-SENSE: N 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HoxQO sapiens 

(G) CELL TYPE: Kuiaan B ceil lyxaphoblastoid 

(H) CELL LINE: CB23 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: CB23 cDNA 

(B) CLONE: pHuIL-lRII75 

(ix) FEATURE: 

(A) NAHE/KST: CDS 

(B) LOCATION: 154.. 1350 
(D) OTHER INFORMATION: 

(iz) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 193.. 1347 
(D) OTHER INFORMATION: 

(ix) FEATURE: 

(A) NAME/KEY: sig^^stide 

(B) LOCATION: 1547.192 
(D) OTHER INF0RMATI<»7: 
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10 



IB 



20 



25 



30 



45 



60 



55 



<xi> SSOUEHCS DESCRIPTION: SEQ ID K0:1: 

CTGG&AAATA CATTCTGCI& CTCTTAAAAA CTAGTGACGC TCATACAAAT CAACSUSZUUIG 60 

AGCTTCTG2VA GGIkAGACTTT AAAGCTGCTT CTGCCAOGTG C7GCTGGGTC TC&6TGCTCC 120 

ACTTCCCGTG TCCrCTGGRA GTTGTC&GGA GCA ATG TTG CGC TTG TAG GTG TTG 174 

Mec Leu Arg Leu Tyr Val Leu 
-13 -10 

GTA ATG GGA GTT TC7 GCC TTC ACC CTT CAG CCT GCG GCA CAC ACA GGG 222 
Val Met Gly Val Ser Ala Phe Thr Leu Gin Pro Ala Ala His Thr Gly 
-5 1 5 10 

GCT GCC AGA AGC TGC CGG TTT CGT GGG AGG CAT TAG AAG CGG GAG TTC 270 
Ala Ala Arg Ser Cys Arg Phe Arg Gly Arg His Tyr Lys Arg Giu Phe 
15 . 20 25 

AGG CTG GAA GGG GAG CCT GTA GCC CTG AGG TGC CCC CAG GTG CCC TAC 318 
Arg Leu Glu Gly Glu Pro Val Ala Leu Arg Cys Pro Gin Val Pro Tyr 
30 35 40 

TGG TTG TGG GCC TCT GTC AGC CCC CGC ATC AAC CTG ACA TGG CAT AAA 366 
Trp Leu Trp Ala Ser Val Ser Pro Arg lie Asn Leu Thr Trp His Lvs 
45 30 55 
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10 



AAT G&C TCT GCT A6G i^CG GTC CCA GGA. GAA GAA G2^G ACA CGG ATG TGG 414 
Asn Asp Ser Ala Ax? Thr Val Pro Gly Glu Glu Glu Thr Arg Met Trp 
60 65 70 

GOC CAG GAC GOT GCT CTG TGG CTT CTG CCA GCC TTG CA6 GAG GAC TCT 462 
Ala Gin Asp Gly Ala Leu Trp Leu Leu Pro Ala Leu Gin Glu Asp Ser 
15 80 85 90 

GGC ACC TAC GTC TGC ACT ACT A6& AAT GCT TCT TAC TGT GAC AAA ATG 510 
Gly Thr Tyr Val Cya Thx Thr Arg Asn Ala Ser Tyr C^s Asp Lys Met 
95 100 105 

TCC ATT GAG CTC AGA 6TT TTT GAG AAT ACA GAT GCT TTC CTG CCG TTC 558 
f5 Ser lie Glu Leu Arg Val Phe Glu Asn Thr Asp Ala Phe Leu Pro Phe 
110 115 120 

ATC TCA TAC CCG CAA ATT TTA ACC TTG TCA ACC TCT GGG GXA TTA GTA 606 
lie Ser Tyr Pro Gin lie Leu Thr Leu Ser Thr Ser Gly Val Leu Val 
125 130 135 

20 

TGC CCT GAC CTG AGT GAA TTC ACC CGT GAC AAA ACT GAC GTG AAG ATT 654 
Qsrs Pro Asp Leu Ser Glu Phe Thr Arg Asp Lys Thr Asp Val Lys lie 
140 145 150 

CAA TGG TAC AAG GAT TCT CTT CTT TTG GAT AAA GAC AAT GAG AAA TTT 702 
25 Gin Trp Tyr Lys Asp Ser Leu Leu Leu Asp Lys Asp Asn Glu Lys Phe 
155 160 165 170 

CTA AGT GTG AGG GGG ACC ACT CAC TTA CTC GTA CAC GAT GTG GCC CTG 750 
Leu Ser Val Arg Gly Thr Thr His Leu Leu Val His Asp Val Ala Leu 
175 180 185 

30 

GAA GAT GCT GGC TAT TAC CGC TGT GTC CTG ACA TTT GCC CAT GAA GGC 798 
Glu Asp Ala Gly Tyr Tyr Arg Cys Val Leu Thr Phe Ala His Glu Gly 
190 195 200 

CAG CAA TAC AAC ATC ACT AGG AGT ATT GAG CTA CGC ATC AAG AAA AAA 846 
j5 Gin Gin Tyr Asn lie Thr Arg Ser lie Glu Leu Arg He Lys Lys Lys 
205 210 215 

AAA GAA GAG ACC ATT CCT GTG ATC ATT TCC cbc CTC AAG ACC ATA TCA 894 
Lys Glu Glu Thr He Pro Val He He Ser Pro Leu Lys Thr He Ser 
220 225 230 



40 



SO 



GCT TCT CTG GGG TCA AGA CTG ACA ATC CCG TGT AAG GTG TTT CTG GGA 942 
Ala Ser Leu Gly Ser Arg Leu Thr He Pro Cys Lys Val Phe Leu Gly 
235 240 245 250 



ACC GGC ACA CCC TTA ACC ACC ATG CTG TGG TGG ACG GCC AAT GAC ACC 990 
^ Thr Gly Thr Pro Leu Thr Thr Met Leu Trp Trp Thr Ala Asn Asp Thr 

255 260 265 

CAC ATA GAG AGC GCC TAC CCG GGA GGC CGC GTG ACC GAG GGG CCA CGC 1038 
His He Glu Ser Ala Tyr Pro Gly Gly Arg Val Thr Glu Gly Pro Arg 
270 275 280 



CAG GAA TAT TCA GAA AAT AAT GAG AAC TAC ATT GAA GTG CCA TTG ATT 1086 
Gin Glu Tyr Ser Glu Asn Asn Glu Asn Tyr He Glu Val Pro Leu He 
285 290 295 



SS 
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TTT GAT CCT GTC ACA AGA GAG GAT TTG CAC ATG GAT TTT AAA TGT GTT 1134 
Phe Aap Pro Val Thr Arg Glu Asp leu His Met Asp Phe Lys Cys Vad 
300 305 310 

GTC CAT AAT ACC CTG AGT TTT GAG ACA CTA CGC ACC ACA GTC AAG GAA 1182 
Val His Asn Thr Leu Ser Phe Gin Thr Leu Arg Thr Thr Val Lys Glu 
315 320 325 330 

GCC TCC TCC ACG TTC TCC TGG GGC ATT GTG CTG GCC CCA CTT TCA CTG 1230 
Ala Ser Ser Thr Phe Ser Trp Gly lie Val Leu Ala Pro Leu Ser Leu 
335 340 345 

GCC TTC TTG GTT TTG GGG GGA ATA TGG ATG CAC AGA CGG TGC AAA CAC 1278 
Ala Phe Leu Val Leu Gly Gly lie Trp Met His Arg Arg Cys Lys His 
350 355 360 

AGA ACT GGA AAA GCA GAT GGT CTG ACT GTG CTA TGG CCT CAT CAT CAA 1326 
Arg Thr Gly Lys Ala Asp Gly Leu Thr Val Leu Trp Pro His His Gin 
365 370 375 

20. GAC TTT CAA TCC TAT CCC AAG TGA AATAAAT 1357 

Asp Phe Gin Ser Tyr Pro Lys . 
380 385 



10 



IS 



2S 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

<A> LENGTH: 398 amino acids 
(B) TYPE: amino acid 
(D> TOPOLOGY: linear 

30 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



35 



45 



SO 



55 



Met Leu Arg Leu Tyr Val Leu Val Met Gly Val Ser Ala Phe Thr Leu 
-13 -10 -5 1 

Gin Pro Ala Ala His Thr Gly Ala Ala Arg Ser Cys Arg Phe Arg Gly 
5 '10 IS 

Arg His Tyr Lys Arg Glu Phe Arg Leu Glu Gly Glu Pro Val Ala Leu 
20 25 30 35 

Arg Cys Pro Gin Val Pro Tyr Trp Leu Trp Ala Ser Val Ser Pro Aro 
40 45 50 

lie Asn Leu Thr Trp His Lys Asn Asp Ser Ala Arg Thr val Pro Gly 

55 60 65 

Glu Glu Glu Thr Arg Met Trp Ala Gin Asp Gly Ala Leu Trp Leu Leu 
70 75 80 

Pro Ala Leu Gin Glu Asp Ser Gly Thr Tyr val Cys Thr Thr Arg Asn 
85 90 95 

Ala Ser Tyr Cys Asp Lys Met Ser He Glu Leu Arg Val Phe Glu Asn 
100 105 no lis 
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Thr Asp Ala Phe Leu Pro Phe lie Ser Tyr Pro Gin He Leu Thr Leu 
120 125 130 

^ Ser Thr Ser Gly Val Leu Val Cys Pro Asp Leu Ser Glu Phe Thr Arg 

135 140 145 

Asp Lys Thr Asp Val Lys He Gin Trp Tyr Lys Asp Ser Leu Leu Leu 
150 155 160 

10 Asp Lys Asp Asn Glu Lys Phe Leu Ser Val Arg Gly Thr Thr His Leu 

165 170 175 

Leu Val His Asp Val Ala Leu Glu Asp Ala Gly Tyr Tyr Arg Cys Val 

185 190 195 

« Leu Thr Phe Ala His Glu Gly Gin Gin Tyr Asn He Thr Arg Ser He 

200 205 210 

Glu Leu Arg He Lys Lys Lys Lys Glu Glu Thr He Pro Val He He 
215 220 225 

Ser Pro Leu Lys Thr He Ser Ala Ser Leu Gly Ser Arg Leu Thr He 
230 235 240 

Pro Cys Lys Val Phe Leu Gly Thr Gly Thr Pro Leu Thr Thr Met Leu 
245 250 255 

Trp Trp Thr Ala Asn Asp Thr His He Glu Ser Ala Tyr Pro Gly Gly 
260 265 270 275. 

Arg Val Thr Glu Gly Pro Arg Gin Glu Tyr Ser Glu Asn Asn Glu Asn 
30 280 285 290 

Tyr He Glu Val Pro Leu He Phe Asp Pro Val Thr Arg Glu Asp Leu 
295 300 305 

His Met Asp Phe Lys Cys Val Val His Asn Thr Leu Ser Phe Gin Thr 
^ 310 315 320 

Leu Arg Thr Thr Val Lys Glu Ala Ser Ser Thr Phe Ser Trp Gly He 
* 325 330 ' 335 

^ Val Leu Ala Pro Leu Ser Leu Ala Phe Leu Val Leu Gly Gly He Txp 

340 345 350 355 

Met His Arg Arg Cys Lys His Arg Thr Gly Lys Ala Asp Gly Leu Thr 
360 365 370 

45 Val Leu Trp Pro His His Gin Asp Phe Gin Ser Tyr Pro Lys 

375 380 385 

(2) INFORMATION FOR SEQ ID NO: 3: 



SO 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

» (ii) MOLECULE TYPE: DNA (genonic) 
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(iii) HYPOTHETICAL: N 



(iv) AMTI -SENSE: N 



(xl) SEQUENCE DESCRIPTXON: SEQ ID N0:3: 



TC6&CTGGAA CGA6ACGACC TGCT 



24 



10 



IS 



20 



2S 



30 



35 



40 



4$ 



SO 



2) IKFOBMATIOK FOR SEQ ID MO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base palxs 

(B) TYPE: nucleic acid 

(C) STHANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: N 
(iv) ANTI -SENSE: Y 



(zi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GACCTTGCTC TGCTG6ACGA 20 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQX7ENCE CrRARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETiCAL: N 
(iv) ANTI-SENSE: K 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CT6TTGGGCT CGCGGTT(3A6 GACAAACTCT TCGCGGTCTT TCCAGT 46 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: N 
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(iv) ANTZ<-3ENSE: Y 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GACAACCCGH GCGCC2UICTC CTGTTTGAGA AGC6CCA6&A AGGTOl 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic} 
(iii) HYPOTHETICAL: N 
(iv) ANTI-SENSE: N 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GCGTCGACCT AGTGACGCTC ATACAAATC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: N 

(iv) ANTI-SENSE: N 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GCGCGGCCGC TCAGGAGGAG GCTTCCTTGA CTG 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: N 
(iv) ANTI-SENSE: N 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CTGC&GGCGG CCGCGGATCC TTTTTTXTTT TCTTTTX 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 28 base pairs 
{B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genoznic) 
(iii) HYPOTHETICAL: N 
(iv) ANTI-SENSE: N 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

6CGTCGACGG CAAGAA6CAG CAAGGTAC 

(2) INFORMATION FOR SEQ ID NO: 11: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOIiOGY: linear 

(ii) M0LECX7LS TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: N 
(iv) ANTI-SENSE: N 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 
CTGCAGC^CGG CCGCGGATCC 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1366 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to inRNA 

(iii) HYPOTHETICAL: N 

(iv) ANTI-SENSE; N 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Mouse 
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(H) CELL LINE: 70Z/3 

* (vii) IMMEDIATE SOURCE: 

(A) LIBRARY: 70Z/3 

(B) CLONE: 12 

<ix) FEATURE: 
^. (A) NAME/KEY: CDS 

(B) LOCATION: 85.. 1317 

(D) OTHER INFORMATION: 
(ix) FEATURE: 

(A) NAME/KEY: matjeptide 

<B> LOCATION: 124. .1314 

(D) OTHER INFORMATIW: 
(ix) FEATURE: 

(A) NAME/KEY: sigjeptide 

<B) LOCATION: 85.. 123 
(D) OTHER INFORMATION: 

^ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

C GTCGACGGCA AGAAGCAGCA AGGTACRAGA ATACACAGCT CCAGGCTCCA AGGGTCCTGT 60 

GCGCTCAGGA AGTTGGTKG 6ACA ATG TTC ATC TTG CTT GTG TTA GTA ACT 111 
„ Met Fhe lie Leu Leu Val Leu Val Thr 

^ . -13 -10 -5 

GGA GTT TCT GCT TTC ACC ACT CCA ACA GTG GTG CAC ACA GGA AAG GTT 159 
Gly Val Ser Ala Pbe Thr Thr Pro Thr Val Val His Thr Gly Lys Val 
1 5 10 

^ TCT GAA TCC CCC ATT ACA TCG GAG AAG CCC ACA GTC CAT GGA GAC AAC 207 

Ser Glu Ser Pro lie Thr Ser 61u Lys Pro Thr Val His Gly Asp Asn 
15 20 25 

TGT CAG TTT CGT GGC AGA GAG TTC AAA TCT GAA TTG AGG CTG GAA GGT 255 
Cys Gla Phe Axg Gly Arg Glu Fhe Lys Ser Glu Leu Arg Leu Glu Gly 
^ 30 35 40 

GAA CCT GTG GTT CTG AGG TGC CCC TTG GCA CCT CAC TCC GAC ATC TCC 303 
Glu Pro Val Val Leu Arg cys Pro Leu Ala Pro His Ser Asp He Ser 
45 SO 55 60 

^ AGC AGT TCC CAT AGT TTT CTG ACC TGG AGT AAA TTG GAC TCT TCT CAG 351 

Ser Ser Ser His Ser Phe Leu Thr Trp Ser Lys Leu Asp Ser Ser Gin 
65 70 75 

CTG ATC CCA AGA GAT GAG CCA AGG ATG TGG GTG AAG GGT AAC ATA CTC 399 
Leu He Pro Arg Asp Glu Pro Arg Met Trp Val Lys Gly Asn He Leu 
« 80 85 90 

TGG ATT CTG CCA GCA GTG CAG CAA GAC TCT GGT ACC TAC ATT TGC ACA 447 
Trp He Leu Pro Ala Val Gin Gin Asp Ser Gly Thr Tyr He Cys Thr 
95 100 105 

50 TTC AGA AAC GCA TCC CAC TGT GAG CAA ATG TCT GTG GAA CTC AAG GTC 495 

Phe Arg Asn Ala Ser His Cys Glu Gin Met Ser Val Glu Leu Lys Val 
110 115 120 
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TTT AAG AAT ACT GAA GCA TCT CTG CCT CAT GTC TCC TAC TTG CAA ATC 543 
Phe Lys Asn Thr Glu Ala Ser Leu Pro Bis Val Ser Xyr Leu Gin lie 
125 130 135 140 

TCA GOT ore TCC ACC AGO GGG TTA CTA GTG TGC CCT GAC CTG AAA GAA 591 
Ser Ala Leu Ser Thr Thr Gly Leu Leu Val C^s Pro Asp Leu Lys Glu 
145 X50 iss 

TTC ATC TCC AGC AAC GCT GAT GGA AAG ATA GAG TGG TAT AAG GGC GCC 639 
Phe lie Ser Ser Asn Ala Asp Gly Lys He Gin Trp Tyr Lys Gly Ala 
160 165 ' 

ATA CTC TTG GAT AAA GGC AAT AAG GAA TTT CTG AGT GCA GGA GAC CCC 687 
, lie Leu Leu Asp Lys Gly Asn Lys Glu Phe Leu Ser Ala Gly Asp Pro 
175 180 185 

ACA CGC CTA TTG ATA TCC AAC ACG TCC ATG GAC GAT GCA GGC TAT TAC 735 
Thr Arg Leu Leu He Ser Asn Thr Ser Met Asp Asp Ala Gly ffyr Tvr 
190 195 200 ' ^ ^ 

AGA TGT GTT ATG ACA TTT ACC TAC AAT GGC CAG GAA TAC AAC ATC ACT 783 
Arg qys Val Met Thr Phe Thr Tyr Asn Gly'' Gin Glu TVr Asn He Thr 
205 210 215 220 

AGG AAT ATT GAA CTC CGG GTC AAA GGA GCA ACC ACG GAA CCC ATC CCT 831 
Arg Asn He Glu Leu Arg Val Lys Gly Ala Thr Thr Glu Pro He Pro 
225 230 235 

GTG ATC ATT TCT CCC CTG GAG ACA ATA CCA GCA TCA TTG GGG TCA AGA 879 
Val He He Ser Pro Leu Glu Thr He Pro Ala Ser Leu Gly Ser Asa 
240 245 250 

CTG ATA GTC CCG TGC AAA GTG TTT CTG GGA ACT G6T ACA TCT TCC AAC 927 
Leu He Val Pro Cys Lys Val Phe Leu Gly Thr Gly Thr Ser Ser Asn 
255 260 265 

ACC ATT GTG TGG TGG TTG GCT AAC AGC ACG TTT ATC TCG GCT GCT TAC 975 
Thr He Val Trp Trp Leu Ala Asn Ser Thr Phe He Ser Ala Ala Tyr 
270 275 280 

CCA AGA GGC CGT GTG ACC GAG GGG CTA CAC CAC CAG TAC TCA GAG 'AAT 1023 
Pro Arg Gly Arg Val Thr Glu Gly Leu His His Gin Tyr Ser Glu Asn 
285 290 295 300 

GAT GAA AAC TAT GTG GAA GTG TCG CTG ATT TTT <2«? CCA GTC ACA AGG 1071 
Asp Glu Asn Tyr Val Glu Val Ser Leu He Phe Asp Pro Val Thr Arg 
305 310 

GAG GAT CTG CAT ACA GAT TTT AAA TGT GTT GCC TCG AAT CCA CGG AST 1119 
Glu Asp Leu His Thr Asp Phe Lys Cys Val Ala Ser Asn Pro Arg Ser 
320 325 330 

TCT CAG TCA CTC CAT ACC ACA GTC AAA GAA GTC TCT TCC ACQ TTC TCC 1167 
Ser Gin Ser Leu His Thr Thr Val Lys Glu Val Ser Ser Thr Phe Ser 
335 340 345 

TGG AGC ATT GCG CTG GCA CCT CTG TCT CTG ATC ATC TTG GTT GTG GGG 1215 
Trp Ser He Ala Leu Ala Pro Leu Ser Leu He He Leu Val Val Glv 
350 355 360 
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GCA ATA TGG ATG CGC AGA CG6 TGT AAA CGC AGG GCT GGA AAG ACA XAT 
Ala lie Tsp Met Arg Arg Arg Cys Lys Axg Arg Ala Gly Lys Thr Tyr 
365 370 375 380 

GGA CTG ACC AAG CTA CGG ACT GAC AAC CAG GAC TIC CCT TCC AGO CCA 
Gly Leu Thr Lys Leu Arg Thr Asp Asn Gin Asp Phe Pro Ser Ser Pro 
385 390 395 

AAC TAA ATAAAGGAAA TGAAATAAAA AAAAAAAAAA AAAAAGGATC OGCGGCCGC 
Asn • 



(2) XNFORHATZON FOR SEQ ZD N0:13: 

(i) SEQOEMCE CHARACTERISTICS; 

(A) LENGTH: 410 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGlf: linear 

,:,(ii) MOLECOLE TYPE: protein 

(zi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Met Phe He Leu Leu Val Leu Val Thr Gly Val Ser Ala Phe Thr Thr 

-131 -10 -5 1 

Pro Thr Val Val His Thr Gly Lys Val Ser Glu Ser Pro He Thr Ser 
5 10 15 

Glu Lys Pro Thr Val His Gly Asp Asn Cys Gin Phe Arg Gly Arg Glu 
20 25 30 35 

Phe Lys Ser Glu Leu Arg Leu Glu Gly Glu Pro Val Val Leu Arg Cys 
40 45 50 

Pro Leu Ala Pro His Ser Asp He Ser Ser Ser Ser His Ser Phe Leu 
55 60 65 

Thr Txp Ser Lys Leu Asp Ser Ser Gin Leu He Pro Arg Asp Glu Pro 
70 75 • 80 

Arg Met Trp Val Lys Gly Asn He Leu Trp He Leu Pro Ala Val Gin 
85 90 95 

Gin Asp Ser Gly Thr Tyr He Cys Thr Phe Axg Asn Ala Ser His Cys 
100 105 110 115 

Gin Gin Met Ser Val Glu Leu Lys Val Phe Lys Asn Thr Glu Ala Ser 
120 125 130 

Leu Pro His Val Ser Tyr Lea Gin He Ser Ala Leu Ser Thr Thr Gly 
135 140 145 

Leu Leu Val Cys Pro Asp Leu Lys Glu Phe He Ser Ser Asn Ala Asp 
150 155 160 

Gly Lys He Gin Trp Tyr Lys Gly Ala He Leu Leu Asp Lys Gly Asn 
165 170 175 
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Lys Glu Phe Leu Ser Ala Gly Asp Pro Thr Arg Leu Leu He Ser Asn 
180 185 190 195 

Thr Ser Met Asp Asp Ala Gly Tyr Tyr Arg Cys Val Met Thr Phe Thr 
200 205 210 

Tyr Asn Gly Gin Glu Tyr Asn lie Thr Arg Asn He Glu Leu Arg Val 
215 220 225 

10 Lys Gly Ala Thr Thr Glu Pro He Pro Val He He Ser Pro Leu Glu 

230 • 235 240 

Thr He Pro Ala Ser Leu Gly Ser Arg Leu He Val Pro Cys Lys Val 
245 250 255 

^5 Phe Leu Gly Thr Gly Thr Ser Ser Asn Thr He Val Trp Trp Leu Ala 

260 265 270 275 

Asn Ser Thr Phe He Ser Ala Ala Tyr Pro Arg Gly Arg Val Thr Glu 
280 285 290 

Gly Leu His His Gin Tyr Ser Glu Asn Asp Glu Asn Tyr Val Glu Val 
295 300 305 

Ser Leu He Phe Asp Pro Val Thr Arg Glu Asp Leu His Thr Asp Phe 
310 315 320 

Lys Cys Val Ala Ser Asn Pro Arg Ser Ser Gin Ser Leu His Thr Thr 
325 330 335 

val Lys Glu val Ser Ser Thr Phe Ser Trp Ser He Ala Leu Ala Pro 

345 350 355 

Leu Ser Leu He He Leu Val Val Gly Ala He Trp Met Arg Arg Arg 
360 365 370 

Cys Lys Arg Arg Ala Gly Lys Thr Tyr Gly Leu Thr Lys Leu Arg Thr 
^ 375 380 385 

Asp Asn Gin Asp Phe Pro Ser Ser Pro Asn 

390 * 395 ' 

^ (2) INFORMATION FOK SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNBSS: single 

45 (D) TOPOL0G3f: linear 

(ii) MOLECDLE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: N 
® (iv) ANTI-SENSE: N 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GCGCGGCCGC CTAGGAAGAG ACTTCTTTGA CTGTGG 36 
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Claims 

1. An Isolated DNA sequence encoding a biologically active type II IL-1 receptor (^e II IL-1 R) protein. 

5 2. An Isdated DNA sequence acooidlng to daim 1 , selected from the group consisting of: 

(a) cDNA clones having a nucleotide sequence derived from the coding region of a native ^pe II IL-1R 
gene; 

(b) DNA sequences capable of hybridization to the clones of (a) under moderately stringent condHons 
(50^, 2 X SSC) and which encode biologically active fype II IL-1R protein; and 

10 (c) DNA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 

in (a) and (b) and which encode bidogically active type II IL-IR protein. 

3. An Isolated DNA sequence according to daim 1 which encodes a soluble type II IL-1R protela 

f5 4. An isolated DNA sequence according to daim 3, wherein the soluble type II IL-1R protein is selected from 
the group consisting of the sequence of amino acid residues 1-333 of SEQ ID NO: 1 and the sequence 
of amino add residues 1-345 of SEQ ID NO:12. 



20 



5L A recombinant expresston vector comprising a DNA sequence according to any one of daims 1-4. 

6. A process for preparing a bidogically active mammalian type II IL-1 receptor (type II IL-1R) protein, com- 
prising culturing a suitable host cell comprising a vector according to daim 5 under conditions prcunoting 
expresston. 

25 7. A purified biologically active type II IL-1 receptor (type II IL-1 R) protein. 

8. A purified biologicaliy acthre soluble human type II IL-1 R protein. 

9. A purified bidogically active type 11 IL-1 R protein according to daim 7, selected from the group consisting 
so of the sequence of anuno add residues 1 -333 of SEQ ID NO: 1 and the sequence of amino add residues 

1-345 of SEQ ID Nai2. 

10. The use of a type II IL-I R protein In preparing a medicament for regulating immune responses 'm manvnals. 

S5 11. The method of daim 16, wherein the type II IL-1R protein is human type II IL-1R and the mammal to be 
treated Is a human. 

1Z The use of type U IL-1 R protein In preparing a phannaceutical composition suitable for parenteral admini- 
stration to a human patlentfor reflating immune responses. 

40 

13. A process for detecting type II IL-1 or type II IL-1R mdecules or the interadion thereof, oomprising the 
steps of 

(a) binding a mammalian type II IL-1 receptor protein to an IL-1 mdecule; and 

(b) detecting or measuring the csnount of unbound IL-1 or type II IL>1 receptor. 

45 

14. Antibodies bnmunoreactive wfth and having spedfldty for mammalian type II IL-1 receptore. 

Claims fbr the following contracting state: ES 

so 1* A process for preparing a purified type II IL-1 receptor (type 11 IL-1 R) protein, the process comprising 
coupling together successive amino add resMues by the fonmatton of peptide bonds to fonn a type II ILrlR 
potypef^e. 

2. A process according to daim 1 , wherein the type li IL-1 R protdn is a soluble type 11 IL-1 R pn^in. 

3. A process according to daim 2, wherein the sduble type II IL-1R protein has an amino add sequence 
55 Is selected finom the group consisting of the sequence of amino add residues 1-333 of SEQ ID NO: 1 and the 

sequence of amino add re^dues 1-345 of SEQ ID N0:12. 

4. The use of a type II IL-1R protein in preparing a medicament for regulating Inunune responses in mam- 
mals. 
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5. Tlie use of a type II IL-1R protein in preparing a pharmaoeutlcal composition suitable for parenteral 
administration to a human pabentforregidating immune responses. 

6- A process for preparing a DMA sequence encoding a mammalian type II IL-1 receptor (type 11 IL-1R) 
protein, the process comprising coupling together successive nucleotide residues. 

7. A process for preparing a DMA sequence according to daim 6, wherein the DMA sequence encodes a 
soluble type II IU1R protein. 

8. A process ftu- preparing a DMA sequence according to daim 1, wherein the DNA sequence encodes a 
soluble type II IL-1 R protein having an amino add sequence selected from the group consisting of the sequence 
of amino acid residues 1-333 of SEQ ID NO: 1 and the sequence of amino add residues 1-345 of SEQ ID N0:12. 

9. A process Ibr preparing a DNA sequence according to daim 6, said DNA being selected firom the group 
consisting of: 

(a) cDNA dones having a nudeotide sequence derived from the coding region of a nath^e type II ILr1R 
gene; 

(b) DNA sequences capable of hybridization to the dones of (a) under moderately stringent conditions 
(50<>C, 2 X SSC) and which encode biologically active type II IL-1 R protein; and 

(c) DNA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 
in (a) and (b) and whtd) encode bidogicaliy active type II IL-1R protein. 

10. AprocessfbrpreparingaDNAsequenceaccordlngtodann6rSaidDNAencodingatypell IL-IRprotein 
having the sequence of am&io adds of the type II IL-1R protein expressed by pHuIL-IR-ll (ATCC 10478). 

11. A process for preparing a recombinant expression vector, comprising ligating bacterial, yeast or mam- 
malian expression vector DNA and a DNA sequence encoding a human type II IL-1R prbtein sequence. 

12. A process for preparing a type II IL-1 R or an analog thereof, comprising culturing a suitable host cell 
comprising a vector prepared according to daim 11 under conditions prontoting expression. 

13. A process for detecting type II IL-1 or type II IL-1R protein nrK>Iecules or the interection thereof, com- 
prising the steps of 

(a) bindir^ a type II IL-1 receptor protein to an IL-1 mdecuie; and 

(b) detecting or measuring the amount of unbound IL-1 or type II lL-1 receptor. 

20. A process for the preparation of antibodies immunoreactive with or having speclfid^ for type II IL-1 
receptor, the pnsicess comprising either (a) culturing a hybridoma cell expressing the antibodies and harvesting 
the antibodies, or (b) harvesting antibodies Immunoreactive w'th or having specfflcity for type II IL-1 receptor 
from an appropriate^ immunised animal. 

Claims for the fbllowino contraetlng state: GR 

1. An Isdated DNA sequence encoding a btologically active type II lL-1 receptee (type II IL-1 R) protein. 

2. An Isdated DNA sequence according to daim 1. selected from the group cons^ng 

(a) cDNA dones having a nudeotide sequence derived firom the coding regbn of a native type II IL-1R 
gene; 

(b) DNA sequences capable of hybridization to the dones of (a) under nKxlerateiy stringent conditions 
(50^C, 2 X SSC) and which encode blologicaUy active type II IL-1R protein; and 

(c) DNA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 
In (a) and (b) and which encode biologically acthre type n IL-1R protein. 

3. An Isolated DNA sequence acctfding to daim 1 which encodes a sduble type II IL-1R protein. 

4. An Isolated DNA sequence according to daim 3, wherein the sohible type II IL-1 R protein is selected from 
the group consisting of the sequence of amino add residues 1-333 of SEQ ID NO: 1 and the sequence 
of amino add residues 1-345 of SEQ ID Nai2. 

5. A recombinant e)q>nession vector comprising a DNA sequence according to any one of dalms 1-4. 

6. A process fbr preparing a purified type II IL-1 receptor (type II IL-1R) protein, the process comprising cou- 
pling together successive amino acRj residues by the fonmation of peptide bonds to fbrnn a type II IL-1R 
polypeptide. 

7. A process according to daim 6, wherein tiie type II IL-1R protein Is a sduble type II IL-1R protein. 
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8. A process according to da&fn 7, wherein the soluble type II IL-1 R proteh has an .amino acid sequence is 
selected from the group consisting of the sequence of amino add residues 1-333 of SEQ ID NO: 1 and 
the sequence of amino acid residues 1-345 of SEQ ID NO:12. 

5 9. The use of a type II IL«1 R protein in preparing a medicament for regulating immune responses in mamnrtals. 

1 0. The use of a type II IL-1 R protein in preparing a pharmaceutical composition suitable for parenteral admini- 
stration to a human patient for reflating bnmune responses. 

10 11. Antibodies Immunoreactive with type II IL-1 receptors. 
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